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TABLE  1.4 


ABBREVIATIONS  FOR  MATERIAL  SYSTEMS 

Abbreviation 

Materials 

ALUM 

Aluminum  Alloys 

TITAN. 

Titanium  Alloys 

NICKEL 

Nickel-Base  Alloys 

STAIN.  STEEL 

Stainless  Steel  Alloys 

ALLOY  STEEL 

Steel  Alloys 

TABLE  1.5 

ABBREVIATIONS  FOR  ALLOY  CONDITIONING  AND  HEAT  TREATMENTS 

Abbreviation 

Condition/Heat  Treatment 

OQ 

Oil  Quenched 

ABQ 

Aus-Bay  Quench 

AC 

Air  Cool 

WC 

Water  Quench 

MA 

Mill  Anneal 

BA 

Beta  Anneal 

DA 

Duplex  Anneal 

RA 

Recrystallize  Anneal 

ST 

Solution  Treated 

STA 

Solution  Treated  And  Aged 

TABLE  1.6 

ABBREVIATIONS  FOR  PRODUCT  FORMS 

Abbreviations 

Product  Form 

S 

Sheet 

P 

Plate 

E 

Extrusion 

F 

Forging 

FB 

Forged  Bar 

BT 

Billet 

BR 

Round  Bar 

RB 

Rolled  Bar 

C 

Casting 

W 

Weldment 

D 

Disk 

EB 

Extruded  Bar 

B 

Bar 

TABLE  1.7 

ABBREVIATIONS  FOR  ENVIRONMENTAL  SYSTEMS 


Abbreviations 


Environmental  System 


R.  T, 

L.  H.  A. 

Dry  Air 
H.  H.  A. 

Lab .  Air 
Dist.  H2O 
Dist.  Water 
3.5  PCT  Nad 
JP.4 

JP . 4  -  Fuel 

S.  T.  W. 

S.  S.  W. 

s .  c .  s . 

F.  C.  S. 

Salt  Fog 
Temp. 


Room  Temperature  (65“F-80®F) 

Low  Humidity  Air  (  <  10%  RH) 

Low  Humidity  Air  ( <  10%  RH) 

High  Humidity  Air  (>  80%  RH) 

Laboratory  Air  (%  RH  unspecified) 

Distilled  Water 

Distilled  Water 

3.5%  Salt  Water  Solution 

JP-4  Aircraft  Fuel 

JP-4  Aircraft  Fuel 

Sump  Tank  Water 

Simulated  Sea  Water 

Shop  Cleaning  Solvent 

Field  Cleaning  Solvent 

Salt  Fog 

Temperature 


TABLE  1.8 

ABBREVIATIONS  FOR  SPECIMEN  DESIGNS 


Abbreviations 


jecimen  Design* 


CT 

NB 

WOL 

CCP 

BWOL 

CANT 

TDCB 

CHAR 

PTSC 

SENT 

KbBAR 

4-NB 

MCT 

CNT 

DCB 

BDCB 


Compact  Tension 

3Pt.  Notched  Bend 

Wedge  Open  Load 

Center  Cracked  Panel 

Bolt  Loaded-Wedge  Open  Load 

Cantilever  Beam 

Tapered  Double  Cantilever  Beam 
Charpy 

Part  Through  Surface  Crack 
Single  Edge  Notch  Tension 
Kg  Bar 

4  Pt.  Notched  Bend 

Modified  Compact  Tension 

Center  Notched  Tension 

Double  Cantilever  Beam 

Bolt  Loaded  Double  Cantilever  Beam 


*Also  note  that  when  "SG"  is  used  in  conjunction  with  a 
specimen  design,  the  specimen  is  side-grooved  along  the 
path  of  the  crack. 
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4340  (EFM) 
4340  V 
4340  (VAR) 
4340  (MOD) 


p  • 


CHAPTER  5 

NICKEL  BASE  ALLOY  SECTIONS 


Nickel  Base  Material  Summaries 

Astroloy  P/M-H 
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5.0-1 


AT  lOOF/HR  HOLD  BUR.  AC 


NASA  lin-7  P/N  IfeSOF  16HRS  TO  2000F  IW  OQ.  OlSH 

1400F  16MHS  AC 


TABLE  5. 1.3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 1.3.1  INDICATING  EFFECT 

OF  FREQUENCY 

MATERIAL:  NICKEL  BASE  ASTROLOY  P/M-H 
CONDITION:  2025F  3HR  AC. 1600F  SHR  AC, 1800F  4HR 
AC.  1200F  24HR  AC,  1400F  SHR  AC 

ENVIRONMENT:  +1200F.  AIR 


DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE 

(KSI*IN**i/2) 

A 

B 

C 

F<HZ)=  0.01 

F(HZ)=  0.33 

F(HZ)=  2C 

A:  21.63 

12.  0 

DELTA  K  B:  14.  25 

2.  67 

MIN  C;  15.27 

2.  39 

D: 

16.  00 

3.  95 

2.  64 

20.  00 

7.  93 

4.  53 

25.  00 

18.  4 

14.  9 

8.  25 

30.  00 

31.  2 

24.  2 

13.  6 

35.  00 

54.  7 

35.  7 

20.  2 

40.  00 

103. 

49.  4 

27.  8 

50.  00  ' 

275. 

84.  4 

60.  00 

410. 

130. 

70.  00 

582. 

80.  00 

1085. 

A:  80.  05 

1089. 

DELTA  KB:  62.  12 

142. 

MAX  C:  44.  64 

35.  6 

D: 

ROOT  MEAN  SQUARE 

33.  43 

24.  73 

8.  73 

PERCENT  ERROR 


2025F  3HR  AC.  1600F  8HR  AC.  1800F  4HR 
CONDITION/HT:  AC.  1200F  24HR  AC.  1400F  0HR  AC 
FORM:  DISK  YIELD  STRENGTH:  135.  8  KSI 

SPECIMEN  TYPE:  WOL  ULT.  STRENGTH:  202.  0  KSI 

ORIENTATION:  C-R  SPECIMEN  THK:  0.  500" 

STRESS  RATIO:  -►0. 05  SPECIMEN  WIDTH:  2.  500" 

ENVIRONMENT:  ♦1200*  F.  AIR  REFERENCES:PW004 


NICKEL 

BASE 


AK  (MPA  -s/rn) 


FREOUENCY  (Hz) 


AK  (MPA  Vm) 


FREQUENCY  (Hz) 


FREQUENCY  (Hz)  =  20.  00 


FREQUENCY  (Hz) 


AK  (KSI  v/ln) 

AK  (KSI  >/m) 

Figure  5.1. 3.1 

TABLL  5. 1.3. 2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 1.3. 2  INDICATING  EFFECT 


OF  FREQUENCY 


MATERIAL:  NICKEL  BASE  ASTROLOV 

CONDITION:  2025F  3HR  AC.  1600F  8HR 
AC.  1200F  24HR  AC.  1400F 

ENVIRONMENT:  +1200F.  AIR 

P/M-H 

AC.  1800F  4HR 
8HR  AC 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

<KSI*IN**l/2) 

A 

B 

C  D 

F=2  MIN  HOl.D 

F=5  MIN  HOLD 

F=15  MIN  HOLD 

TRAPEZOIDAL 

TRAPEZOIDAL 

TRAPEZOIDAL 

A:  29.  04 

38.  9 

DELTA  KB:  28.  95 

90.  9 

MIN  C:  23.79 

60.  7 

D: 

25.  00 

64.  9 

30.  00 

43.  3 

90.  1 

97.  1 

35.  00 

65.  5 

95.  9 

156. 

40.  00 

90.  0 

114. 

246. 

50.  00 

173. 

181. 

514. 

60.  00 

327. 

298. 

926. 

70.  00 

559. 

472. 

1574. 

80.  00 

842. 

708. 

2622. 

90.  00 

lOOO. 

4352. 

A:  87.  40 

1050. 

DELTA  KB:  93.  51 

1113. 

MAX  C:  92.  44 

4928. 

D: 

ROOT  MEAN  SQUARE 

26.  66 

26.  49 

24.  65 

PERCENT  ERROR 

LIFE  0.  0-0  5 
PREDICTION  0.  5-0  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


CQNDITIQN/HT: 

2025F  3HR  AC, 
AC,  1200F  24HR 

1600F  SHR  AC,  1800F  4HR 

AC,  1400F  8HR  AC 

NICKEL 

FQRM:  DISK 

YIELD  STRENGTH:  135.  8  KSI 

BASE 

SPECIMEN  TYPE; 

WOL 

ULT.  STRENGTH:  202.  0  KSI 

ORIENTATIQN;  C- 

-R 

SPECIMEN  THK:  0.  500" 

STRESS  RATIO: 

■►0.  05 

SPECIMEN  WIDTH;  2.  500" 

ASTROLO'r 

ENVIRONMENT: 

■*•1200"  F,  AIR 

REFERENCES:PW004 

P/M-H 

AK  (MPA  v/m) 


FREQUENCY  =  2  MIN.  HOLD 
TRAPEZOIDAL  WAVEFORM 


FREQUENCY  =  15  MIN.  HOLD 
TRAPEZOIDAL  WAVEFORM 


AK  (KSI  V^) 


AK  (MPA  y/m) 


FREQUENCY  =  5  MIN.  HOLD 


FREQUENCY 


AK  (KSI  nAh) 


Figure  5. 1.3. 2 


TAIiLt  5.2. 3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  5.2. 3.1  INDICATING  EFFECT 


OF  FREQUENCY 


MATERIAL:  NICKEL  BASE  ASTROLOY  P/M-W 

CONDITION:  2025F  4HR  AC.  1600F  SHR  AC.  1800F  4HR 

1200F  24HR  AC.  1400F  8HR  AC 

ENVIRONMENT:  +1200F.  AIR 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

D 

F=15  MIN  HOLD 

F(HZ)=  0.33 

F(HZ)=  20.  00 

TRAPEZOIDAL 

A:  15.  46 

18.  2 

DELTA  KB:  12.  48 

3.  50 

MIN  C:  16.  61 

2.  59 

D: 

13.  00 

3.  61 

16.  00 

21.  0 

5.  26 

20.  00 

50.  2 

10.  3 

3.  48 

25.  00 

113. 

21.  7 

5.  84 

30.  00 

218. 

37.  7 

9.  22 

35.  00 

373. 

55.  9 

13.  6 

40.  00 

578. 

76.  5 

18.  8 

50.  00 

1156. 

132. 

60.  00 

2205. 

225. 

70.  00 

4714. 

80.  00 

14680. 

A:  84.  92 

30709. 

DELTA  K  B:  61.82 

249. 

MAX  C:  45.  34 

25.  4 

D: 

ROOT  MEAN  SQUARE 

97.  51 

14.  52 

15.  84 

PERCENT  ERROR 

LIFE  0.  0-0.  S 
PREDICTION  O.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2  O 
(NP/NA)  >2. 0 


5.2-2 


•  -  •  •  • 


.-'V-  .N  .  •  .N  - 


TABLE.  5.3.  i.l 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 3.  3.  i  INDICATING  EFFECT 

OF  STRESS  RATIO 


CONDITION/HT: 

FORM: 

SPECIMEN  TYPE;  SENT 
ORIENTATION: 

FREOUENCY:  0.  17  HZ 

ENVIRONMENT:  R.  T.  .  LAB  AIR 


AK  (MPA  v/m) 


STRESS  RATIO  =  +0.  10 


STRESS  RATIO 


YIELD  STRENGTH: 

ULT.  STRENGTH; 

SPECIMEN  THK:  0.  126" 
SPECIMEN  WIDTH:  2.  500" 
REFERENCES:PW003 


AK  (MPA  -v/m) 


STRESS  RATIO 


10 

'  I'I'I 

STRESS  RATIO 


40  100 


NICKEL 

BASE 


lASTROLO 


10'^ 


10  40  100  '  1 

4  10  4 

AK  (KSI  v/m) 

Figure  5. 3. 3.1 

AK  (KSI  v/Tn) 

TABLt  5. 3. 3. 2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 3. 3. 2  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  NICKEL  BASE  ASTROLOY  901 

CONDITION: 

ENVIRONMENT:  +  800F.  AIR 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI*IN**l/2> 

A  B  C  D 

R=+0.  10  R=+0.  50 

A 

16.  50 

1.  99 

DELTA  K  B 

9.  87 

.  867 

MIN  C 

D 

10.  00 

1.  21 

13.  00 

2.  25 

16.  00 

3.  72 

20.  00 

3.  58  5.  85 

25.  00 

7.  14  9.  39 

30.  00 

12.0  15.3 

35.  00 

18.  9  23.  7 

40.  00 

27.  7  34.  2 

50.  00 

50.  0 

60.  00 

87.  1 

70.  00 

172. 

80.  00 

402. 

A 

88.  23 

918. 

DELTA  K  B 

48.  57 

54.  2 

MAX  C 

D 

ROOT  MEAN  SQUARE  21.41  14.70 

PERCENT  ERROR 


CONDITION/HT: 

FORM: 

YIELD  STRENGTH: 

NICKEL 

BASE 

SPECIMEN  TYPE. 

SENT 

ULT.  STRENGTH; 

ORIENTATION; 

FREQUENCY: 

0.  17  HZ 

SPECIMEN  THK:  0.121-  0.124*' 

SPECIMEN  WIDTH:  2.  500*' 

ASTROLO'i 

ENVIRONMENT: 

+  800“  F.  AIR 

REFERENCES:PW003 

0011 

AK  (MPA  v/m) 


STRESS  RATIO  =  +0.  10 


STRESS  RATIO 


AK  (MPA  y/m) 


STRESS  RATIO  =  +0.  50 


STRESS  RATIO 


10  40  100  '  1 

4  10  4 

AK  (KSI  v/Tn) 

Figure  5. 3.3. 2 

AK  (KSI  >/m) 

MATERIAL:  NICKEL  BASE  ASTROLOY  901 
CONDITION: 


ENVIRONMENT;  +  800F,  AIR 


TABLE  5. 3. 3.4 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 3. 3.4  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL;  NICKEL  BASE 
CONDITION: 

ENVIRONMENT;  +  950F.  AIR 


ASTROLOY 


901 


DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE 

(KSI*IN**l/2) 

A 

B 

C 

R=+0.  10 

R=+0.  50 

R*+0.  80 

A;  14.  98 

1.  53 

DELTA  KB:  13.  38 

1.  60 

MIN  C.  8.  44 

.  948 

D; 

9.  00 

1.  64 

10.  00 

2.  08 

13.  00 

3.  12 

16.  00 

3.  15 

4.  57 

5.  03 

20.  00 

6.  81 

10.  0 

7.  69 

25.  00 

10.  6 

15.  6 

30.  00 

15.  8 

20.  7 

35.  00 

22.  1 

27.  7 

40.  00 

30.  4 

39.  7 

50.  00 

65.  5 

60.  00 

151. 

70.  00 

191. 

A:  71.72 

182. 

DELTA  KB;  42.  89 

50.  9 

MAX  C;  24.  05 

11.  9 

D: 

ROOT  MEAN  SQUARE 

18.  21 

16.  75 

12.  71 

PERCENT  ERROR 


LIFE  0.  0-0.  5 
PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.  25-2.  0 
(NP/NA)  >2.  0 


u 


CONDITION/HT: 

FORM: 

YIELD  STRENGTH: 

NICKEL 

BASE 

SPECIMEN  TYPE: 

SENT 

ULT.  STRENGTH: 

ORIENTATION. 

FREQUENCY: 

0.  17  HZ 

SPECIMEN  THK:  0.117-  0.123" 

SPECIMEN  WIDTH:  2.  500" 

ASTROLO'1 

ENVIRONMENT: 

-  950"  F.  AIR 

REFERENCES:PW003 

rtfn  1 

AK  (MPA  \/m) 


STRESS  RATIO  =  ■*•0.  10 


AK  (MPA  \/m) 


STRESS  RATIO  =  •*•0.  50 


STRESS  RATIO  =  +0.  00 


STRESS  RATIO 


AK  (KSI  \/Tn) 


AK  (KSI  s/m) 


Fjgure  5. 3.3.4 


TABLL  5.3.  3.5 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 3. 3.5  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  NICKEL  BASE  ASTROLOY  901 

CONDITION: 

ENVIRONMENT:  +1100F.  AIR 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

D 

R=+0.  10 

R=+0.  50 

A:  17.  59  : 

7.  88 

DELTA 

K 

B:  15.  58  : 

5.  64 

MIN 

C: 

D: 

16.  00  ; 

6.  02 

20.  00  : 

11.  4 

11.  4 

25.  00  : 

19.  3 

20.  2 

30.  00  : 

27.  9 

26.  9 

35.  00  : 

37.  0 

35.  0 

40.  00  : 

47.  3 

50.  9 

50.  00  : 

78.  0 

60.  00  : 

139. 

A:  67.  44  : 

249. 

DELTA 

K 

B:  48.  57  : 

110. 

MAX 

C: 

D: 

ROOT  MEAN  SQUARE 

14.  45 

13.  87 

PERCENT  ERROR 

LIFE  0.  0-0.  5 
PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


5.3-10 


CONDITION/HT; 

FORM: 

SPECIMEN  TYPE: 

ORIENTATION: 

FREQUENCY: 

•  ENVIRONMENT: 


SENT 

0.  17  HZ 
-►1100"  F,  AIR 


YIELD  STRENGTH: 

ULT.  STRENGTH: 

SPECIMEN  THK:  0.  122" 
SPECIMEN  WIDTH:  2.  500" 
REFERENCESPW003 


AK  (MPA  v/rn) 

4  10  40  100 


AK  (MPA  v/m) 

4  10  40  100 


10' 


10  ’ 


10 


■2 


10 


10' 


10' 


10' 


-3 


-^10' 


10’ 


10" 


^10 


JlO'^ 


10 


10'' 


rS 


AK  (KSI  -v/Tn) 


4  10  40  100 

AK  (KSI  v/m) 


Figure  5. 3. 3.5 


5.3-11 


TAbLL  5. 3. 3. 6 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 3. 3.6  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  NICKEL  BASE  ASTROLOY  901 
CONDITION: 

ENVIRONMENT:  +1350F,  AIR 


A: 

DELTA  K  B: 

MIN  C: 

D: 

200.  00 


A 

DELTA  K  B 
MAX  C 


D 


ROOT  MEAN  SQUARE  0.  00 

PERCENT  ERROR 


LIFE  O.  0-0  5 

PREDICTION  0.  S-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


CONDITION/HT; 

FORM: 

YIELD  STRENGTH: 

NICKEL 

BASE 

SPECIMEN  TYPE: 

SENT 

ULT.  STRENGTH: 

ORIENTATION: 

FREQUENCY: 

0.  17  HZ 

SPECIMEN  THK: 

SPECIMEN  WIDTH:  2.  500" 

ASTROLO'l 

ENVIRONMENT: 

■►1350"  F,  AIR 

REFERENCES:PW003 

on  1 

AK  (MPA  v/m) 


STRESS  RATIO  =  +0.  10 


AK  (MPA  VrrT) 


STRESS  RATIO 


z 

.  -D 

10  ro 
■o 


STRESS  RATIO 


STRESS  RATIO 


10'^  9 


Z 

•o 

10'“  w 
■o 


10  40  100  '  1 

AK  (KSI  -s/iri) 

AK  (KSI  n/Th) 

Figure  5. 3. 3. 6 

5.3-13 

TAJiLd  5.3. 3.  7 


li 


MATERIAL:  NICKEL  BASE 
CONDITION: 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 3. 3. 7  INDICATING  EFFECT 

OF  ENVIRONMENT 

CKEL  BASE  ASTROLOY  901 


CONDITION  HT 
FORM 

SPECIMEN  TYPE:  SENT 
ORIENTATION  C-R 
STRESS  RATIO:  +0.  50 
FREQUENCY:  0.  17  HZ 


AK  (MPA  Vm) 

4  10  40  100 

I  '  I  - 1  '  J'JMM 

ENVIRONMENT:  +  800“  F. 
AIR 


YIELD  STRENGTH 
ULT  strength 
SPECIMEN  THK  0.122" 
SPECIMEN  WIDTH  2.  500" 
REFERENCES  PW003 


4  10  40  100 


4  10  40  100 

AK  (KSI  v/iri) 


AK  (MPA  vm) 

4  10  40  10 

I  '  I  '  I  Ti  l - 1  '  i  '  I  M 

ENVIRONMENT  -*-1100°  F 
AIR 


4  10  40 


4  10  40 

AK  (KSI  v^) 


;ure  5. 3.3. 7 


5.3-15 


NICKEL 

BASE 


ASTROLO 


lO  "*  ^ 

■D 


10  ‘ 


lO  "*  I 

■D 


TAbLK  5.3. 3.8 


MATERIAL:  NICKEL  BASE 
CONDITION: 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 3. 3.8  INDICATING  EFFECT 

OF  ENVIRONMENT 


CKEL  BASE  ASTROLOY 


DELTA 

K 

DA/DN  <10**-6 

IN.  /CYCLE) 

(KSHi-IN**l/2) 

A 

B 

C 

E=+  800F 

E=+1100F 

AIR 

AIR 

A: 

8.  97 

.  504 

DELTA 

K 

B: 

7.  57 

.  560 

MIN 

C: 

D: 

8.  00 

.  661 

9.  00 

.  504 

.  894 

10.  00 

.  567 

1.  12 

13.  00 

1.  23 

1.  82 

16.  00 

2.  78 

20.  00 

5.  32 

25.  00 

14.  3 

A: 

15.  69 

1.  88 

DELTA 

K 

B: 

25.  23 

15.  0 

ROOT  MEAN  SQUARE 

9.  84 

17.  19 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  5 
0.  5-0.  8 
0.  8-1.  25 
1.  25-2  0 
.>2.  0 


5.3-18 


CONDITION/HT: 

FORM: 

SPECIMEN  TYPE:  SENT 
ORIENTATION 
STRESS  RATIO:  -*-0.  70 
FREQUENCY:  30.  00  HZ 


AK  (MPA  v/m) 

4  10  40  100 

I  '  I '  I'm — I  '  I'lM'i — 

ENVIRONMENT:  900**  F,  —  10° 

AIR  =  ^ 


4  10  40  100 


4  10  40  100 

AK  (KSI  -s/m) 


YIELD  STRENGTH: 

ULT.  STRENGTH: 

SPECIMEN  THK:  0.  119-  0.  123" 

SPECIMEN  WIDTH:  2.  500" 
REFERENCES:PW003 


AK  (MPA  -s/m) 

4  10  40  1 


ENVIRONMENT: -*.1100"  F 
AIR 


4  10  40 


4  10  40 

AK  (KSI  -s/m) 


Figure  5.3.3.S 


5.3-17 


NICKEL 

BASE 


ASTROLO 


CONDITION/HT: 

FORM: 

SPECIMEN  TYPE:  CT 
ORIENTATION  C-R 
STRESS  RATIO:  +0.  05 
FREQUENCY:  20.  00  HZ 


YIELD  STRENGTH: 

ULT.  STRENGTH: 

SPECIMEN  THK :  0.  500  " 

SPECIMEN  WIDTH.  2.  500" 
REFERENCES:PW003 


NICKEL 

BASE 


INCOLOY 

901 


AK  (MPA  -v/m) 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5.5. 3.1  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  NICKEL  BASE  INCONEL  600 

CONDITION:  1585F  .  75HR  AC 
ENVIRONMENT:  R.  T.  .AIR 


DELTA  K 
(KSHHN**l/2> 


DA/DN  (10**-6  IN.  /CYCLE) 

A  B  C  D 


R.-:+0.  05 


A:  25.  33 

DELTA  K  B: 

MIN  C: 

D: 


2.  73 


30.  00 
35.  00 
40.  00 


5.  03 
10.  3 
IB.  7 


A.  40.  56 
DELTA  K  B: 

MAX  C: 

D: 


19.  8 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


5.  08 


CONDITION/HT; 

1585F  .75HR  AC 

NICKEL 

FORM:  1.  00" 

TH  PLATE 

YIELD  STRENGTH:  35.  0  KSI 

BASE 

SPECIMEN  TYPE: 

CT 

ULT.  STRENGTH:  94.  3  KSI 

ORIENTATION: 

FREQUENCY: 

5.00  HZ 

SPECIMEN  THK:  0.390" 

SPECIMEN  WIDTH:  2.000" 

INCONEL 

ENVIRONMENT: 

R.  T.  .  AIR 

REFERENCES:HD003 

600 

AK  (MPA  y/m) 


STRESS  RATIO  =  -*-0.  05 


AK  (MPA  •v/m) 


STRESS  RATIO 


STRESS  RATIO 


STRESS  RATIO 


AK  (KSI  v/m) 


AK  (KSI  v/mj 


F igure  5 . 5 . 3.  1 


TAliLi-  5.5. 3.  2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 5. 3. 2  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  NICKEL  BASE  INCONEL  600 

CONDITION:  1585F  .  75HR  AC 
ENVIRONMENT:  +  800F. AIR 


DELTA  K 

DA/DN  (10*«~6 

IN. /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

R=+0.  05 

R=+0.  33 

R=+0.  60 

A:  16.  89 

.  630 

DELTA 

K 

B:  12.  17 

.  490 

MIN 

C:  6.  90 

.  172 

D: 

7.  00 

.  176 

8.  00 

.  250 

9.  00 

.  379 

10.  00 

.  547 

13.  00 

.  623 

16.  00 

1.  35 

20.  00 

1.  71 

3.  91 

25.  00 

5.  41 

A:  27.  20 

9.  04 

DELTA 

K 

B:  20.  75 

4.  85 

MAX 

C:  12.06 

.  818 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE 

0.  0-0.  5 

PREDICTION 

0.  5-0.  8 

RATIO 

0.  8-1.  25 

SUMMARY 

1.  25-2.  0 

(NP/NA) 

>2.  0 

TAiiLL  5.5. 3.  3 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5.5.3.  3  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL;  NICKEL  BASE  INCONEL  600 

CONDITION:  1585F  .  75HR  AC 
ENVIRONMENT;  +1000F, AIR 


DELTA 

K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSHHN**i/2) 

A 

B 

C 

R=+0.  33 

O 

ID 

d 

+ 

II 

a: 

R=+0.  66 

A: 

11.  70 

1.  02 

DELTA  K  B: 

9.  14 

.  6B8 

MIN  C: 

6.  43 

.  208 

D: 

7.  00 

.  255 

a.  00 

.  366 

9.  00 

.  512 

10.  00 

.  861 

.  684 

13.  00 

1.  32 

1.  73 

16.  00 

2.  79 

3.  53 

20.  00 

6.  55 

DELTA 

MAX 


A 

K  B 
C 
D 


22.  90 
16.  53 
11.  40 


9.  57 


4  03 


.  941 


ROOT  MEAN  SQUARE  4.  59  4  43  2.  3B 

PERCENT  ERROR 


CONDITION/HT:  1585F  .  75HR  AC 
FORM:  1.  00"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION: 

FREQUENCY:  6.  67  HZ 

ENVIRONMENT:  •♦-1000®  F,  AIR 


YIELD  STRENGTH:  35.  0  KSI 
ULT  STRENGTH:  94.  3  KSI 
SPECIMEN  THK:  0.410-  0.413" 

SPECIMEN  WIDTH:  2.002-  2.004" 

REFERENCES:HD003 


AK  (KSI  v/in) 


AK  (KSI  v/ln) 


Figure  5.5.3.  3 


lAbLL  5.5. 3.4 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5.5. 3. 4  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  NICKEL  BASE  INCONEL 

CONDITION;  1585F  75HR  AC 


DELTA  K 
<KSHHN**l/2) 


DA/DN  (10**- 6  IN.  /CYCLE) 


E=+  600F 


E=+  800F 


E^+IOOOF 

AIR 


E=+1200F 

AIR 


DELTA  K  B 
MIN  C 


DELTA  K  B 
MAX  C 
D 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


25.  08 
22.  56 
19.  93 

4.  25 

4.  60 

4.  54 

20.  00 

4.  60 

25.  00 

6.  72 

11.  1 

30.  00 

11.5 

15.  2 

20.  9 

31.  85 

32.  19 
32.  64 

17.  2 

20.  8 

27.  5 

15.  37 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


O.  0-0.  5 
0.  5-0.  8 
0.  8-1.  25 
1.  25-2.  O 
>2.  0 


5.5-10 


CONDITION/HT:  1585F  .  75HR  AC 
FORM:  l.B0"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION 
STRESS  RATIO:  -^0.  05 
FREQUENCY:  0.  67  HZ 


AK  (MPA  Vrn) 

4  10  40  100 


4  10  40  100 


4  10  40  100 

AK  (KSI  v/m) 


YIELD  STRENGTH:  35.  0  KSI 
ULT  STRENGTH:  94.  3  KSI 
SPECIMEN  THK:  0.  396-  0.  402" 

SPECIMEN  WIDTH.  1.  997-  2.  001  " 

REFERENCES:  HD003 


ENVIRONMENT:  +  600“  F.  —  io° 
AIR  = 


ENVIRONMENT:  +1000®  F.  —  10° 
AIR  = 


AK  (MPA  v/m) 

4  10  40  10 


ENVIFiONMENT:  +  000®  F 
AIR 


4  10  40 


ENVIRONMENT:  -^1200"  F 
AIR 


4  10  40 

AK  (KSI 


Fltzure  5.5. 3.4 


NICKEL 

BASE 


INCONEL 
'  60" 


l  ABLK  5.5. 3.3 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5.5. 3. 5  INDICATING  EFFECT 

OF  FREQUENCY 


MATERIAL;  NICKEL  DASE  INCONEL  600 

CONDITION;  1 585F  .  7DHR  AC 
ENV I RONMENT :  + 1 OOOF .AIR 


DELTA  K 

DA/DN  (10*^<~6 

IN.  /CYCLE) 

<KSI*IN**l/2) 

A  B 

C 

F(HZ)=  0.001  F(HZ)=  0.07 

F(HZ)=  6. 

A: 

DELTA 

K 

E:  20.04 

6.  75 

MIN 

C:  16.  50 

1.  55 

D; 

20.  00 

3.  85 

25.  00 

12.  8 

11.  8 

30.  00 

24.  1 

22.  9 

A: 

DELTA 

K 

B;  32.  54 

30.  6 

MAX 

C;  30.  56 

23.  9 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


0.  00 


3.  86 


7.  59 


CONDITION/HT:  1585F  .  75HR  AC 
FORM:  1.00"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION: 

STRESS  RATIO:  +0.  05 
ENVIRONMENT:  +1000“  F,  AIR 


AK  (MPA  v/rn) 

4  10  40  100 


4  10  40  100 


FREQUENCY  (Hz)  =  6.  67 


YIELD  STRENGTH:  35.  0  KSI 
ULT  STRENGTH:  94.  3  KSI 
SPECIMEN  THK:  0.  412-  0.  420" 

SPECIMEN  WIDTH:  2.002-  2.004' 

REFERENCES:HD003 


AK  (MPA  vm) 
4  10  4 


4  10 


4  10  40  100 

AK  (KSI  v/Tn) 

F  if;urt‘  5 . 3  .  i.  "j 
'j .  i  ! 


4  10 

AK  (KSI  >/Tn) 


NICKEL 

BASE 


INCONEL 

600 


»  t  •  • 


TABLL  5.5. 3.6 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  W:TH  FIGURE  5.5. 3.6  INDICATING  EFFECT 

OF  ENVIRONMENT 


CONDITION/HT  1585F  .  75HR  AC,  1000F  18,  800HRS 
FORM:  1.  00"TH  PLATE  YIELD  STRENGTH; 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH: 

ORIENTATION  SPECIMEN  THK:  0.398" 

STRESS  RATIO;  ■*•0.  05  SPECIMEN  WIDTH:  2.  001 

FREQUENCY:  0.  67  HZ  REFERENCES:HD003 


AK  (MPA  -x/m) 

4  10  40  100 

I  '  I  '  IM'I - 1  '  I  'J'I'I — ^ 

ENVIRONMENT:  +1000®  F,  —  io° 
AIR  = 


4  10  40  100 


AK  (MPA  -x/m) 
4  10  4 


4  10 


4  10  40  100 

AK  (KSI  -x/Tn) 

Figure-  5 . 5 . 3.  f) 
5.5-15 


4  10 

AK  (KSI  -/In) 


10'^  ^ 


lO  ''  I 

•D 


10'^ 


z 

"D 

lO  "*  TO 
■o 


TAliLb  5. 5. 3.  7 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5.5. 3. 7  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  NICKEL  BASE  INCONEL  600 

CONDITION:  1585F  75HR  AC,  1200F  14, 500HRS 


DELTA  K 
(KSI*IN*»l/2) 


DA/DN  (10**-6  IN.  /CYCLE) 
ABC 


E=  +  1200,"^ 

AIR 


A:  14.  24 

DELTA  K  B: 

MIN  C: 

D. 


4.  17 


16.  00  :  7.  87 

20.  00  :  18.  3 


A:  23.  73 

DELTA  K  B: 

MAX  C: 

D: 


37.  6 


ROOT  MEAN  SQUARE  5.  92 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 

RATIO  0.8-1.25  1 

SUMMARY  1.25-2.0 
<NP/NA)  >2.  0 


CONDITION/HT:  ISSSF  .  75HR  AC,  1200F  14, 500HRS 
FORM.  1. 00 "TH  PLATE  YIELD  STRENGTH: 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH: 

ORIENTATION  SPECIMEN  THK:  0.482" 

STRESS  RATIO:  ■^0.  05  SPECIMEN  WIDTH:  2.  005" 

FREQUENCY  0.  67  HZ  REFERENCES:HD003 


AK  (MPA  v/m) 

4  10  40  100 

I  '  I  '  I'I'I - 1  '  I'J'i'l - =fl 

ENVIRONMENT:  ■^1200®  F,  —  iqO 
AIR  = 


4  10  40  100 

I'M  I'I'I - 1  '  I  'I'I'I 

ENVIRONMENT: 


AK  (MPA  v/m) 
I  10  4 


4  10 

I  '  I'I'I'I  ■ 

ENVIFIONMENT 


10 

10'^ 

10 

10'' 

10* 

10'^ 

io' 

10® 

io' 

10° 

® 

10' 

10  ’ 

10' 

10  ^ 

io‘ 

10^ 

10' 

10“* 

io‘ 

10® 

10 

10® 

io' 

4  10 

I  'I'I'I'I - 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  >/m) 

Figurf  5.5. 3. 7 
5.5-17 


4  10 

AK  (KSI  v/Tn) 


NICKEL 

BASE 


INCONEL 
'  600 


fAtiLU.  5.6. 3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5,6. 3.1  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  NICKEL  BASE  INCONEL  635 

CONDITION:  MA 
ENVIRONMENT:  R.  T.  ,  AIR 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  (10*-»(~6  IN.  /CYCLE) 


A 


B 


C 


D 


R=+0.  05 


A:  18.  93 

DELTA  K  B: 

MIN  C: 

D: 


1.  71 


20. 

00 

2. 

07 

25. 

00 

4. 

35 

30. 

00 

8. 

25 

35. 

00 

15. 

4 

37. 

87 

23. 

2 

DELTA  K  B 
MAX  C 


ROOT  MEAN  SQUARE  3.  31 

PERCENT  ERROR 


TABLt  5.6  3.2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5.6. 3.2  INDICATING  EFFECT 

OF  ENVIRONMENT 

MATERIAL:  NICKEL  BASE  INCONEL  625 

CONDITION:  MA 


r rtbi_L  3  .  () .  5 .  j 

% 

% 

% 

FA' 

riCUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 

1 

OF  STRESS  INTENSITY  FACTOR 

- 

DATA  ASSOCIATED  WITH  FIGURE  > . .  i  I ND I C  AT  I NG  EFFECT 

' 

OF  ENVIRONMENT 

i 

MATERIAL: 

NICKEL  BASE  INCONEL  625 

CONDITION 

MA 

. 

DELTA  K 

DA/DN  (10**-6  IN  /CYCLE) 

(KSI*IN**l/2) 

ABC 

D 

1 

E=+  600F  E=+  800F  E=+1000F 

E=+1200F 

j 

AIR  AIR  AIR 

AIR 

4 

A 

20.  70 

6.  81 

DELTA  K  E 

16.  ea 

4  19 

4 

M 

MIN  C 

15.  46 

5.  59 

j 

D 

13.  75 

4.  52 

* 

16.  00 

5.  87 

7.  50 

20.  00 

7.  00  9.  68 

18.  0 

« 

« 

25.  00 

12.  5  18.  3  20.  0 

40.  3 

i 

30.  00 

26.  5  30.  3  38.  1 

1 

35.  00 

56.  2  62,  6 

A 

35.  47 

60.  3 

«• 

DELTA  K  B 

34.  08 

55.  2 

• 

MAX  C 

35.  43 

64.  B 

• 

j 

D 

26.  80 

49.  1 

1 

ROOT  MEAN 

SQUARE 

4.  72  7.  54  5.  17 

4.  35 

4 

PERCENT 

ERROR 

% 

A. 

LIFE 

0.  0-0. 

5 

PREDICTION  0.  5-0. 

3 

RATIO 

0.  8-1. 

25  1  1  1 

1 

SUMMARY 

1.  25-2. 

D 

- 

(NP/NA) 

>2. 

3 

TABLE  5. 6. 3. 4 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5.6. 3.4  INDICATING  EFFECT 

OF  ENVIRONMENT 


CKEL  BASE  INCONEL  625 


MATERIAL:  NICKEL  BASE 
CONDITION:  MA 


DELTA  K 

DA/DN  (10**-6 

IN. /CYCLE) 

(KSI*IN**i/2) 

A 

B 

C 

E=+  600F 

E=+  800F 

E=+1000F 

E=+ 

AIR 

AIR 

AIR 

AIR 

A:  17.  31 

1.  69 

DELTA  KB:  19.  54 

4.  13 

MIN  C:  17.  98 

7.  23 

D:  14.  04 

6 

16.  00 

9 

20.  00 

2.  93 

4.  55 

9.  05 

16 

25.  00 

7.  55 

10.  7 

15.  6 

30 

30.  00 

15.  9 

21.  0 

26.  9 

50 

35.  00 

33.  6 

38.  3 

46.  6 

40.  00 

63.  7 

67.  0 

80.  8 

A:  46.  44 

113. 

DELTA  KB:  44.  02 

103. 

MAX  C:  43.  39 

117. 

D:  38.  90 

93 

ROOT  MEAN  SQUARE 

6.  43 

3.  83 

3.  21 

2. 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0  5 
0.  5-0  8 
0.  8-1.  25 
i.  25-2.  0 
>2  0 


6.  78 


5.6-8 


i’.  wi. , 


.  ■  ■  .  •  .(  .  ,  •  V 


YIELD  STRENGTH:  65.9  KSI 
ULT.  STRENGTH:  132.9  KSI 
SPECIMEN  THK:  0.  443-  0.  445" 

SPECIMEN  WIDTH:  2.000-  2.002' 

REFERENCES:HD005 


NICKEL 

BASE 


INCONEL 

625 


FAFIGUE  CRACK  GROUTM  RATE  AT  DEFINED  LEVELS  OF  THE  STRESS- INTENS I TY  FACTOR 


KATIGUF  CRACK  GROWTH  RATE  AT  DEFINED  LEVELS  OF  THE  STRESS- INTENSITY  FACTOR 


CRACK  grouih  rate  at  defined  levels  of  the  stress-intensity  factor 


NlCKEl-RA«E  INCONEL  71H 


ICUF  CRACK  CROWTH  RATF  AT  DEFINED  LEVELS  OF  THE  STRESS-INTENSITY  FACTOR 


FATIGUE  CRACK  GR0W1H  RATE  AT  DEFINED  LEVELS  OF  THE  STRESS- I NTENS I TY  FACTOR 


CRACK  LENGTH  GROSS  STRESS 
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*Nf)TF-  NFT  f;tCTION  STRE^^S  EXCEEDS  00'/.  OF  YIELD  STRENGTH  VALUE  NOT  INCLUDED  IN  MEAN  OR  STD.  DEV 


CRACK  LENGTH  GROSS  STRESS 

-PRODUCT--  TEST  SPEC  YIELD  - SPECIMEN - -  K(APP)  STAN  K(C)  STAN 

CONDITION  FORM  THICK  TEMP  OR  STR  UIDTH  THICK  INIT  FINAL  ONSET  MAX  K(APP)  MEAN  DEV  K(C)  MEAN  DEV  DATE  REFER 

(IN)  <F)  <KSI)  (IN)  (IN)  (IN)  (IN)  (K6I)  (KSI)  (K5I«SQRT  IN)  (KSI«SQRT  IN) 

U  B  2A(0)  2A(F)  S(0)  S(MAX) 
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5.7-20 


•  NOTE-  NET  SECTION  STRESS  EXCEEDS  SO'/.  OF  YIELD  STRENGTH  VALUE  NOT  INCLUDED  IN  MEAN  OR  STD.  DEV 


•V 


fAV:ii.r-:  5. 7. 3.1 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 7. 3.1  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  NICKEL  BASE  INCONEL  718 

CONDITION;  1325F  8HRS,  FC  TO  1 1 50F 

ENVIRONMENT:  R.  T,  ,  L.  H.  A. 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

<KSHHN**l/2) 

A 

B 

C 

D 

XJ 

II 

T 

o 

o 

R=+0.  50 

A 

15.  35 

.  300 

DELTA  K 

B 

17.  63 

1.  40 

MIN 

C 

D 

16.  00 

.  462 

20.  00 

1.  13 

2,  17 

25.  00 

2.  31 

4.  27 

30.  00 

4.  22 

7.  07 

35.  00 

6.  76 

10.  9 

40.  00 

9.  68 

16.  1 

50.  00 

19.  0 

34.  0 

60.  00 

71.  4 

70.  00 

152. 

80  00 

329. 

A 

54.  42 

27.  2 

DELTA  K 

B 

89.  46 

689. 

MAX 

C 

D 

ROOT  MEAN 

SQUARE 

6.  41 

11. 84 

PERCENT 

ERROR 

LIFE  0.  0-0.  D 

PREDICTION  0.  5-0.  8 

RATIO  0.  B-1  25  ]  1 

SUMMARY  1.25-2.0 
(NP/NA)  >2  0 


5.7-22 


TAbLL  5. 7. 3. 2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  NICKEL  BASE  INCONEL 

CONDITION:  1325F  8HRS.  FC  TO  1150F 
ENVIRONMENT:  R.  T.  ,  L.  H.  A. 


DELTA  K 
<KSHHN**l/2) 


DELTA  K  B 
MIN  C 
D 


25.  00 
30.  00 
35.  00 
40.  00 
50.  00 
60.  00 
70.  00 
SO.  00 


A 

R=+0.  08 
1.  56 


2.  77 
5.  09 

3.  63 
14.  3 
32.  3 
59.  0 

107. 

234. 


DA/DN  (10**-6  IN.  /CYCLE) 
B  C 


1 

A: 

86.  24 

'  DELTA 

K  B: 

MAX 

C: 

D: 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


8.  94 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


O.  0-0  5 
0.  5-0  3 
0.  8-1  25 
1.  25-2,  0 
>2  0 


«*.  ^ 


•  .‘V  -*• 


5.7-2A 


CONDITION/HT;  1325F  8HRS.  FC  TO  1150F 


FORM.  4. 00"TH  FORGING 
SPECIMEN  TYPE;  CT 
ORIENTATION:  T-L 
FREOUENCY:  6.  00  H2 

ENVIRONMENT:  R.  T.  .  L.  H.  A. 


AK  (MPA  v/m) 

4  10  40  100 


4  10  40  100 

I  '  I  '  I'I'I - 1  '  I  'lM'l 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  y/in) 


YIELD  STRENGTH;  166.  0  KSI 
ULT.  STRENGTH:  197.0  KSI 
SPECIMEN  THK;  0.510" 
SPECIMEN  WIDTH:  6.010" 
REFERENCES;88579 


AK  (MPA  Vm) 


4  10 


=  r  i-PTTFi — 

“  STRESS  RATIO  = 

— 

— 

— 

— 

— 

_ L_j _ 1  1  1 1 1 1 

_ l_j_ 

1  4  10 

=  I  '  I  '  I  'Ml  f 
“  STRESS  RATIO  = 


4  10  ^ 

AK  (KSI  v/m) 


NICKEL 

BASE 


INCONEi- 
'  718 


i^iirc  5. 7.  1.2 


vs^ 


TABLt  5. 7. 3. 3 


ft  •  ••  • 

"  •  ft ' 

“•  .N\v 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 7. 3. 3  INDICATING  EFFECT 

OF  ENVIRONMENT 


i  MATERIAL: 

NICKEL 

BASE 

INCONEL 

718 

1  CONDITION: 

1750F 

AC.  1325 

F  8HR  FC 

TO  1150F,  HELD  18HR  AC 

DELTA  K 
(KEHHN*i<l/2) 


A 

E^-  R.  r. 


DA/DN  (10**-6  IN.  /CYCLE) 
B  C 


DELTA  K  B 
MIN  C 
D 


16.  00 

.  975 

20.  00 

1.  96 

25.  00 

3.  39 

30.  00 

5.  13 

35.  00 

7.  46 

40.  00 

10.  8 

47.  95 

20.  1 

TALiLL  5. 7. 3.4 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DA3A  ASSOCIATED  WITH  FIGURE  5. 7. 3. 4  INDICATING  EFFECT 

or  ENVIRONMENT 


MATERIAL;  NICKEL  BASE  INCONEL  718 

CONDITION;  1750F  AC,  1325F  8HR  FC  TO  1150F.  HELD  18HR  AC 


DELTA  K 

DA/DN  (lO**- 6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

E=+  600F 

E=+  800F 

E=+1000F 

AIR 

AIR 

AIR 

A;  18  40 

1.  51 

DELTA 

K 

B.  19.  39 

2.  06 

MIN 

C;  23.  42 

o 

00 

D; 

20.  00 

1.  91 

2.  24 

25.  00 

3.  50 

3.  95 

12.  3 

30.  00 

5.  72 

6.  35 

17.  9 

35.  00 

8.  86 

9.  71 

23.  7 

40.  00 

13.  3 

14.  4 

28.  4 

50.  00 

28,  4 

30.  6 

A;  57.  54 

49.  4 

DELTA 

K 

B:  57.  84 

53,  8 

MAX 

C  .  40.  06 

28.  5 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE  O.  0-0.  5 

PREDICTION  0.  D-0  8 
RATIO  0.  8-1.  25 

SUMMARY  1.25-2  0 
(NP/NA)  .'  2.  0 


5. 7-3H 


TAiiLh.  5. 7. 3. 5 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  7.SSQCIATED  WITH  FIGURE  5. 7. 3. 5  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL;  NICKEL  BASE  INCONEL  718 

CONDITION:  1750F  AC,  1325  F  8HR  FC  TO  1150F,  HELD  IBHR  AC 
ENVIRONMENT:  R.  T.  ,  LAB  AIR 


DELTA  K 
(KSI*IN*#l/2) 


DELTA  K 
MIN 


DELTA  K 
MAX 


14.  19 


R=+0.  05 
.  438 


16.  00 

.  754 

20.  00 

1.  77 

25.  00 

3.  72 

30.  00 

6.  69 

35.  00 

11.2 

40.  00 

IS.  0 

50.  00 

44.  1 

58  21 

89.  9 

DA/DN  (10**-6  IN.  /CYCLE) 
B  C 


ROOT  MEAN  SQUARE  4.  08 

PERCENT  ERROR 


LIFE  O.  0-0  5 

PREDICTION  0.  5-0  8 

RATIO  O.  8-1  25 

SUMMARY  1.25-2  0 

(NP/NA)  >2  O 


CONDITION/HT;  1750F  AC,  1325F  8HR  FC  TO  1150F,  HELD  18HR  AC 


FORM:  0.  50"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION: 

FREQUENCY:  10.  00  HZ 

ENVIRONMENT:  R.  T.  .  LAB  AIR 


AK  (MPA  v/m) 

4  10  40  100 


4  10  40  100 

I'M  I' I 'I - 1  '  I  '  I'l'l 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  vAn) 


YIELD  STRENGTH:  156.  4  KSI 
ULT.  STRENGTH:  200.  7  KSI 
SPECIMEN  THK:  0.  495*' 
SPECIMEN  WIDTH:  1.998" 
REFERENCES:HD017 


AK  (MPA  -v/m) 
I  10  4 


4  10 

I'M  I'l'l - 

STRESS  RATIO  = 


10° 

10 

10’ 

10' 

10'^ 

10 ' 

-3 

10 

10 

10''’ 

10 

10'^ 

10 

10'° 

io' 

4  10 

1  '  I  'I'l'l — r 

STRESS  RATIO  = 


4  10  i 

AK  (KSI 


Figure  5. 7. 3.5 
5.7-31 


NICKEL 

BASE 


INCONEL 
'  718 


lO"*  1 
■o 


'O 


l  Atim;  5. 7. 3.6 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 7. 3.6  INDICATING  EFFECT 

OF  STRESS  RATIO 

MATERIAL:  NICKEL  BASE  INCONEL  718 

CONDITION:  1750F  AC.  1325  F  8HRS.  FC  TO  1150F,  HELD  18HRS  AC 
ENVIRONMENT:  +1000F.  AIR 


DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

R=+0.  05 

R=+0.  33 

R=+0.  50 

A:  12.  91 

.  693 

DELTA 

K 

B:  10.  17 

.  471 

MIN 

C:  9.  19 

.  615 

D: 

10.  00 

.  770 

13.  00 

.  717 

1.  16 

1.  72 

16.  00 

1.  77 

2.  17 

3.  38 

20.  00 

3.  23 

4.  06 

6.  48 

25.  00 

5.  55 

7.  91 

10.  9 

30.  00 

10.  6 

14.  9 

35.  00 

20.  1 

40.  00 

32.  9 

A:  44.  45 

43.  3 

DELTA 

K 

B:  31.81 

18.  8 

MAX 

C:  25.68 

11.7 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  5 
0.  5-0.  8 
0.  8-1.  25 
1.  25-2.  0 
>2.  0 


5.7-32 


CONDITION/HT:  17S0F  AC.  1325F  9HRS.  FC  TO  1150F.  HELD  18HRS  AC 
FORM:  0.  50‘'TH  PLATE  YIELD  STRENGTH:  150.  5  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  191.  3  KSI 

ORIENTATION:  SPECIMEN  THK:  0.  298-  0.  299" 

FREQUENCY:  6.67  HZ  SPECIMEN  WIDTH:  1.151-  1.152" 

ENVIRONMENT:  -*-1000“  F.  AIR  REFERENCES:HO015 


NICKEL 

BASE 


INCONEL 
'  718 


AK  (MPA  -v/m) 


STRESS  RATIO  =  -t-O.  05 


Dili 


AK  (MPA  >/m) 


STRESS  RATIO  =  +0.  33 


STRESS  RATIO  =  50 


m 


STRESS  RATIO 


AK  (KSI  >/In) 

Figure  5. 7, 3.6 

AK  (KSI  >/Tn) 

5.7-33 

TAiiLt  5.  7. 3. 7 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 7. 3. 7  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  NICKEL  BASE  INCONEL  718 

CONDITION:  1750F  ACi  1325F  8HRS.  FC  TO  1150F,  HELD  18HRS,  AC 


DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B  C 

E=+  600F 

E=+1000F  E=+1000F 

AIR,  .  67HZ 

AIR,  .  OOIHZ  AIR,  .  06HZ 

A 

14.  29 

.  386 

DELTA 

K 

B 

MIN 

C 

15.  63 

2.  11 

D 

16.  00 

.  549 

2.  27 

20.  00 

1.  23 

4.  90 

25.  00 

3.  03 

10.  3 

30.  00 

6.  43 

17.  2 

35.  00 

11.  9 

A 

39.  08 

18.  0 

DELTA 

K 

B 

MAX 

C 

34.  70 

23.  2 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION 

0.  5-0.  8 

RATIO 

0.  8-1.  25 

SUMMARY 

1.  25-2.  0 

(NP/NA) 

>2.  0 

CONDITION/HT:  1750F  AC.  1325F  0HRS,  FC  TO  1150F,  HELD  18HRS.  AC 
FORM:  0.50*'TH  PLATE  YIELD  STRENGTH:  150.  5  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  191.  3  KSI 

ORIENTATION  SPECIMEN  THK:  0.299-  0.300" 

.  STRESS  RATIO:  +0.05  SPECIMEN  WIDTH:  1.151-  1.152" 

a'  FREQUENCY:  REFERENCES:HD015 


NICKEL 

BASE 


INCONEL 

718 


TAULL  5.  7.  3.8 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 7. 3.8  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL;  NICKEL  BASE  INCONEL 

CONDITION:  1750F  AC^  1325F  8HR  FC 
18HR  AC 

718 

TO  1150F,  HELD 

DEl.TA  K 

DA/DN  <10**-6 

IN.  /CYCLE) 

<KSI*IN*«l/2) 

A 

B 

C 

D 

E=+  600F 

E=+  800F 

E=+1000F 

E=+1200F 

AIR 

AIR 

AIR 

AIR 

A:  14.  43 

.  743 

DELTA  KB:  16.  56 

1.  49 

MIN  C:  13.  60 

1.  44 

D:  16.  93 

11.  1 

16.  00 

1.  06 

2.  33 

20.  00 

2.  33 

3.  29 

5.  01 

17.  5 

25.  00 

5.  IS 

7.  87 

11.  2 

32.  8 

30.  00 

9.  97 

15.  0 

20.  9 

52.  4 

35.  00 

17.  3 

24.  2 

33.  5 

73.  1 

40.  00 

27.  6 

34.  7 

fl7.  0 

50.  00 

53.  8 

A;  57.  98 

95.  2 

DELTA  KB:  44.  06 

43.  5 

MAX  C:  41.  58 

51.  1 

D;  35.  62 

75.  6 

ROOT  MEAN  SQUARE 

5.  71 

7.  22 

2.  95 

4.  01 

PERCENT  ERROR 

LIFE  O.  0-0.  5 

PREDICTION  O.  5-0.  B 

RATIO  O.  8-1  25  1  1  1  1 

SUMMARY  1.25-2  0 
<NP/NA)  >20 


CONDITION/HT:  1750F  AC,  1325F  8HR  FC  TO  1150F,  HELD  18HR  AC 
FORM:  0.  50"TH  PLATE  YIELD  STRENGTH:  156.  4  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  200.  7  KSI 

ORIENTATION  SPECIMEN  THK:  0.465-  0.  407- 

STRESS  RATIO:  f0.  05  SPECIMEN  WIDTH:  1.097-  1.000” 

FREQUENCY:  0.87  H2  REFERENCES:HD017 


ENVIRONMENT:  ♦  600 


ENVIRONMENT:  •►1000 


10° 

(D 

10' 

10’ 

10 

10  ^ 

10 ' 

10'^ 

10" 

lO"* 

10* 

10'^ 

10'' 

10‘° 

10'* 

10° 

® 

10' 

10’ 

10' 

ENVIRONMENT:  4-  800"  F 


ENVIRONMENT:  •►1200"  F 


5. 7. 3.8 
3.7-37 


NICKEL 

BASE 


INCONEL 
'  718 


10'  ro 


MATERIAL:  NICKEL  BASE  INCONEL  718 

CONDITION:  1750F  AC.  1325  F  8HRS,  FC  TO  1150F.  HELD  18HRS  AC 
ENVIRONMENT:  +  800F,  AIR 


CONDITION/HT:  1750F  AC.  1325F  SHRS.  FC  TO  1150F.  HELD  18HRS  AC 
FORM;  0.50‘’TH  PLATE  YIELD  STRENGTH:  150.  S  KSI 

SPECIMEN  TYPE:  CT  ULT  STRENGTH:  191.3  KSI 

ORIENTATION:  L-T  SPECIMEN  THK.  0.  477-  0.  478- 

FREQUENCY:  6.  67  HZ  SPECIMEN  WIDTH:  1.  996" 

ENVIRONMENT.  ♦  800®  F,  AIR  REFERENCES:HD015 


AK  (MPA  v/m) 

4  10  40  100 


4  10  40  100 

I  '  I '  I'i'i — r  ■'  I  'Tn— 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  \An) 


AK  (MPA  V^) 

4  10  40 

I  '  I  'I'I'I — f  I  n 

STRESS  RATIO  =  ^0.  50 


10° 

10' 

10’ 

10'^ 

10' 

10'^ 

10'' 

10'' 

10' 

10'^ 

10* 

10"' 

10° 

10'* 

4  10  40 

I  '  I  'I'I'I 

STRESS  RATIO  = 


4  10  40 

AK  (KSI  v/m) 


Figure  5. 7. 3. 9 
5.7-39 


NICKEL 

BASE 


INCONEL 
'  718 


NICKEL 

BASE 


TAbLt  5.7.3.11 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  F I CURE  5 . 7 . 3 . 1 1  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  NICKEL  BASE  INCONEL  71S 

CONDITION;  1750F  AC. 1325F  8HRS.  FC  TO  1150F,  HELD  18HRS, AC 


DELTA  K 
<KSI*IN**l/2) 


DELTA  K  B 
MIN  C 
D 


DELTA  K  B 
MAX  C 
D 


20.  23 


DA/DN  <10**-6  IN.  /CYCLE) 
B  C 


AIR 


E=+1200F 


9.  05 


25. 

00 

17. 

8 

30. 

00 

31. 

1 

35. 

00 

48- 

8 

40. 

00 

70. 

7 

50. 

00 

125. 

55. 

76 

160. 

ROOT  MEAN  SQUARE  2.  88 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  O.  5-0.  8 
RATIO  0.  8-1.  25 


1 


CONDITION/HT:  1750F  AC.  1325F  8HRS.  FC  TO  1150F.  HELD  18HRS,  AC 
FORM:  0.  50"TH  PLATE  YIELD  STRENGTH:  150.  5  KSI 

SPECIMEN  TYPE.  CT  ULT.  STRENGTH:  191.3  KSI 

ORIENTATION  L-T  SPECIMEN  THK:  0.477" 

STRESS  RATIO:  +0.03  SPECIMEN  WIDTH:  1.997" 

FREOUENCY:  0.67  HZ  REFERENCES:HD015 


AK  (MPA  v/m) 

4  10  40  100 


4  10  40  100 

I  '  I'  I'i'i — I  'f'r'I'l 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  v/m) 


AK  (MPA  v/m) 
I  10  4 


10° 

® 

10  ’ 

10 

10  ^ 

10 

10-^ 

10" 

lo" 

10 

10'^ 

io' 

10'° 

10' 

10 

4  10 

■T~n-rTrpi — 

ENVIFiONMENT 


4  10 

'T  '  n I'I'I — 

ENVIRONMENT: 


4  10  ' 

AK  (KSI  v^) 


Fij;urc  5.7.3.11 
5.7-43 


NICKEL 

BASE 


INCONEL 

718 


■•AiiLIl  5.7.3.12 


h 


DELTA  K  B 
MIN  C 
D 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5.7.3.12  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  NICKEL  BASE  INCONEL  718 

CONDITION:  1750F  AC,  1325  F  8HRS,  FC  TO  1150F,  HELD  18HRS  AC 


DELTA  K 
(KSI*IN*»i/2) 


DA/DN  (10**-6  IN.  /CYCLE) 
B  C 


E=  R.  T.  E=+  800F 

LAB  AIR,8.  33H2  AIR.  6.  67HZ 


DELTA  K  B 
C 
D 


18.  26 

1. 

01 

15.  64 

749 

16.  00 

820 

20.  00 

1. 

29 

1. 

98 

25.  00 

2. 

73 

4. 

69 

30.  00 

5. 

50 

9. 

30 

35.  00 

9 

95 

16. 

3 

40.  00 

16. 

0 

25. 

9 

50.  00 

30. 

4 

54.  46 

35. 

9 

42.  78 

32. 

5 

ROOT  MEAN  SQU.ARE 
PERCENT  ERROR 


5.  56 


4.  55 


LIFE  O.  0-0 

PREDICTION  0.  5-0 
RATIO  O.  8-1 

SUMMARY  1.  25-2 
(NP/NA)  >2 


5.7-44 


CONDITION/HT  1750F  AC.  1325F  8HRS.  FC  TO  1150F.  HELD  ISHRS  AC 
FORM:  0.50"TH  PLATE  YIELD  STRENGTH:  150.  5  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  191.  3  KSI 

ORIENTATION  L-T  SPECIMEN  THK:  0.477" 

STRESS  RATIO:  ■►0. 05  SPECIMEN  WIDTH:  1.  997-  1. 998" 

FREQUENCY:  REFERENCES:HD015 


NICKEL 

BASE 


INCONEL 

718 


lABLIi  5.7.3.13 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 7. 3. 13  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  NICKEL  BASE  INCONEL  718 

CONDITION;  1750F  AC,  1325  F  SHRS,  FC  TO  liSOF,  HELD  IBHRS  AC 


DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

<KSI*IN«"»l/2) 

A 

Q 

C 

E=+  SOOF 

E=+1000F 

AIR 

AIR 

A:  16.  57 

1.  25 

DELTA 

K 

B:  15.  20 

1.  43 

MIN 

C: 

D; 

16.  00 

1.  73 

20.  00 

2.  93 

3.  78 

25.  00 

6.  96 

7.  63 

30.  00 

13.  1 

13.  2 

35.  00 

21.  6 

20.  8 

40.  00 

33.  1 

31.  1 

50.  00 

69.  4 

63.  9 

60.  00 

122. 

A:  56.  07 

104. 

DELTA 

K 

B:  66.  35 

181. 

MAX 

C: 

D: 

ROOT 

MEAN  SQU.ARE 

5.  56 

12.  07 

PERCENT  ERROR 


LIFE  O.  0-0  5 

PREDICTION  0.  5-0  8 

RATIO  0.  8-1  25  1  5 


SUMMARY  1.  25-2  0 


(NP/NA)  >2  0 


5.7-46 


CONDITION/HT  1750F  AC,  1325F  8HRS.  FC  TO  1150F,  HELD  18HRS  AC 
FORM:  0.  50"TH  PLATE  YIELD  STRENGTH:  129.  0-  150.5  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  160.1-  191.3  KSI 

ORIENTATION  L-T  SPECIMEN  THK:  0.476-  0.  478*' 

STRESS  RATIO:  +0.  05  SPECIMEN  WIDTH:  1. 996-  1. 998" 

FREOUENCY:  0.67  HZ  REFERENCES:HD015 


NICKEL 

BASE 


INCONEL 

718 


III  III 


ENVIRONMENT:  800 


10° 

<D 

10' 

10  ’ 

10  ^ 

10' 

io' 

10'^ 

lO'^* 

10 

10'^ 

io‘ 

10'° 

io' 

10"' 

III  III 


ENVIRONMENT:  ■*•1000"  F 


ENVIRONMENT: 


10° 

Mi/ 

10' 

10’ 

10' 

10'^ 

10  ‘ 

10'^ 

10 

10'' 

10 

10'® 

10' 

10° 

10 

ENVIRONMENT: 


5.7.3.13 

5.7-47 


I'AbLK  5.7.3.14 


S -V 


*.V. 


FATIOUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 7. 3. 14  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL: 

NICKEL  BASE  INCONEL  718 

CONDITION 

17D0F  AC.  1325  F  8HR  FC  TO  1150F,  HELD  IBHR  AC 

ENVIRONMENT:  R.  T. 

LAB  AIR 

DELTA  K 

DA/DN  (10**- 6  IN.  /CYCLE) 

(KSI«IN**l/2) 

A  B  C  D 

R=+0.  05 

A 

13.  06 

.  190 

DELTA  K  B 

MIN  C 

D 

16.  00 

.  871 

20.  00 

1.  77 

25.  00 

3.  70 

30.  00 

6.  06 

35.  00 

11.7 

40.  00 

18.  7 

50.  00 

41.  7 

A 

59.  94 

80.  8 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

9.  07 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0  5 
0.  5-0.  B 
0.  8-1. 25 
1.  25-2.  0 
>2  0 


t 


5.7-48 


CONDITION/HT:  1750F  AC,  1325F  8HR 
FORM:  FORGING 
SPECIMEN  TYPE.  CT 
ORIENTATION; 

.FREQUENCY:  10.  00  HZ 

ENVIRONMENT:  R.  T.  .  LAB  AIR 


FC  TO  1150F,  HELD  18HR  AC 
YIELD  STRENGTH:  168.  4  KSI 
ULT.  STRENGTH:  195.  7  KSI 
SPECIMEN  THK:  0.  402" 
SPECIMEN  WIDTH:  1.  998" 
REFERENCES:HD017 


AK  (MPA  v/m) 

4  10  40  100 


10' 


10  ' 


10 


-2 


10 


1-6 


^io’ 


,-2 


.-3 


10 


1-5 


10 


AK  (KSI  >/m) 


(D 


10 


10' 


10 


10 


v-6 


10 


10" 


AK  (MPA  v/m) 

4  10  40  100 

1^1’  rn - =fl 


t  1  ’  1  '  I'l'l - 

STRESS  RATIO  = 


i0-8|  1.1.  I.lil _ I  ■  I  ■  IiIj 

1  4  10  40  100 

r  '  I ' I'i'i — 


t  I  '  I  'I'I'I — r 

STRESS  RATIO  = 


10 


.-3 


10 


10 


10 


10 


10 


10' 


H—i  iJil 


ilL 


-1.1  l  IXil 


1  4  10  40  100 

AK  (KSI  v/Tn) 


NICKEL 

BASE 


INCONEL 

718 


10’ 


o 

o 


10 


-3 


E 

E 


lO'"* 


2 

■o 

TO 

•o 


10'® 


10'® 


10° 

10’ 


10'^  s 


(J 

o 


10*"*  1 


■D 


10® 


10® 


Figure  5.7.3.14 


5.7-49 


table;  5.7.3,15 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5,7.3.15  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  NICKEL  BASE  INCONEL  718 

CONDITION;  1750F  AC.  1325F  8HR  FC  TO  1150F,  HELD  18HR  AC 


DEl-TA  K 

DA/DN  (lO**- 6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

D 

E=+  600F 

E=+  800F 

E=+1000F 

E=+1200F 

AIR 

AIR 

AIR 

AIR 

A 

16.  43 

.  786 

DELTA  K  D 

15.  22 

.  849 

MIN  C 

12.  64 

1.  22 

D 

14.  06 

3.  09 

13.  00 

1.  38 

16.  00 

.  993 

3.  06 

4.  71 

20.  00 

1.  44 

2.  05 

5.  93 

7.  30 

25.  00 

3.  28 

4.  40 

10.  7 

17.  4 

30.  00 

6.  61 

8.  32 

17.  9 

23.  2 

35.  00 

11.  5 

14.  3 

4J .  7 

40.  00 

17.  4 

22.  7 

50.  00 

48.  6 

A 

41.  28 

19.  0 

DELTA  K  B 

51.  90 

54.  9 

MAX  C 

31.  19 

20.  2 

D 

38.  42 

5:2.  5 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


4.  75 


5.  36 


3.  25 


4.  14 


CONDITION/HT;  1750F  AC.  1325F  0HR  FC  TO  1150F.  HELD  18HR  AC 
FORM:  FORGING  YIELD  STRENGTH:  168.  4  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  196.  7  KSI 

ORIENTATION  SPECIMEN  THK:  0.402-  0.  403*’ 

STRESS  RATIO:  ♦0. 05  SPECIMEN  WIDTH:  1.  996-  1. 998" 

FREQUENCY.  0.  67  HZ  REFERENCES:HD017 


AK  (MPA  v/m) 

4  10  40  100 

1  '  I '  Rif  I  '  I  'ri'i  ^ 

ENVIRONMENT:  600“  F,  —  iqO 

AIR  =  ^ 


4  10  40  100 

1  '  I  '  I'l'l  I  '  I'l'I'I - ^  „ 

ENVIRONMENT:  ■*•1000*  F.  —  io° 
AIR  = 


4  10  40  100 

AK  (KSI  -s/in) 


AK  (MPA  y/m) 

4  10  40  1 

I  'I'l'I'I — I  ■'  I  U'f 

ENVIFtONMENT:  800*  F 

AIR 


4  10  40  1 

I'M  I'l'l - r~r-pTT 

ENVIRONMENT:  ■•■1200"  F 
AIR 


4  10  40  1 

AK  (KSI  y/in) 


Figure  5.7.3.15 


5.7-51 


NICKEL 

BASE 


INCONEL 

718 


.1 


TABLQ  5.7.3.16 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 . 7 . 3. 16  INDICATING  EFFECT 

OF  ENVIRONMENT 

MATERIAL:  NICKEL  EASE  INCONEL  718 

CONDITION:  1750F  AC.  1325  F  SHR  FC  TO  1150F.  HELD  IBHR  AC 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  (10**-6  IN.  /CYCLE) 
B  C 


DELTA  K  B 
MIN  C 
D 


16.  57 


20.  00 
25.  00 
30.  00 
35.  00 
40.  00 
50.  00 
60.  00 


E=  R.  T. 
LAB  AIR 

1.  36 


2.  55 
5.  07 
8.  74 
14.  0 
21.  5 
47.  2 
98.  4 


SBSfl 

A: 

63.  69 

DELTA 

K  B. 

MAX 

C: 

D: 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


7.  6^ 


LIFE  0.  0-0  5 

PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.  25-2.  0 
<NP/NA)  >2.  0 


5.7-52 


CONDITION/HT:  1750F  AC,  1325F  0HR  FC  TO  1150F,  HELD  18HR  AC 
FORM.  2.  00"TH  FORGED  BAR  YIELD  STRENGTH;  152.  1  KSI 

SPECIMEN  TYPE:  CT  ULT  STRENGTH:  194,  4  KSI 

ORIENTATION  C-R  SPECIMEN  THK:  0.304" 

STRESS  RATIO:  -*-0.05  SPECIMEN  WIDTH:  1.480" 

FREQUENCY:  10.  00  HZ  REFERENCES:HD017 


AK  (MPA  -s/m) 

4  10  40  100 


ENVIRONMENT:  R. 
LAB  AIR 


4  10  40  100 

!“■'  m^T'i — f' '  r'TTf'i  ■ 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  -s/in) 


AK  (MPA  y/m] 


10° 

10 

10  ’ 

10  ^ 

10 

10'^ 

10 

lO"* 

10 

10'^ 

io' 

10' 

10° 

10‘ 

10° 

® 

10 

10’ 

10'^ 

10' 

10^ 

10' 

10 

10''’ 

10* 

10° 

10' 

10° 

10'' 

2  5,7 

.3.16 

5. 

7-5  3 

4  10 

1  'J'MI'I - 

ENVIRONMENT: 


1  4  10 

b  I  '  I  '  I'MI — 

-  ENVIRONMENT: 


4  10  ‘ 

AK  (KSI  vAn) 


NICKEL 

BASE 


INCONEL 

718 


TABLL  5. 7. 3.  L7 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 . 7 . 3. 17INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  NICKEL  BASE  INCONEL  718 

CONDITION:  1750F  AC.  1325F  8HR  FC  TO  1150F,  HELD  18HR  AC 


DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

D 

E=+  600F 

E=+  800F 

E=^+1000F 

E=+12( 

AIR 

AIR 

AIR 

AIR 

A;  17.  61 

1.  38 

DELTA  KB:  17.80 

1.  72 

MIN  C:  16.  17 

3.  68 

D;  16.  10 

12.  5 

20.  00 

2.  32 

2.  88 

7.  13 

21.  0 

25.  00 

5.  29 

6.  91 

12.  9 

36.  4 

30.  00 

9.  77 

12.  9 

20.  5 

55.  6 

35.  00 

16.  0 

21.  0 

31.  0 

76.  1 

40  00 

24.  4 

31.  2 

45.  9 

95.  3 

50.  00 

50.  1 

101. 

A;  56.  32 

74.  9 

DELTA  KB;  42.  93 

38.  3 

MAX  C;  55.00 

150. 

D:  44.  50 

1 10. 

ROOT  MEAN  SQUARE 

4.  54 

5.  17 

4.  81 

4.  86 

PERCENT  ERROR 


CONDITION/HT:  1750F  AC.  1325F  8HR  FC  TO  1150F.  HELD  18HR  AC 


FORM:  2.  00"TH  FORGED  BAR 

SPECIMEN  TYPE:  CT 
ORIENTATION  C-R 
STRESS  RATIO:  ■►0.  05 
FREOUENCY:  0.  67  HZ 


AK  (MPA  VnT) 

4  10  40  100 

I  '  I '  iM'i — I  '  r'lT'i — ^ 

ENVIRONMENT.  600“  F.  —  io° 
AIR  = 


4  10  40  100 

AK  (KSI  >/7n) 


YIELD  STRENGTH:  152.  1  KSI 
ULT.  STRENGTH:  194.  4  KSI 
SPECIMEN  THK:  0.303-  0.304" 

SPECIMEN  WIDTH:  1.478-  1.481" 

REFERENCES:HD017 


AK  (MPA  \/m} 

4  10  40  1 


4  10  40  100 

1  '  I '  MI'I — I  'I'i'L'l — ^  „ 

ENVIRONMENT:  +1000“  F,  —  10° 
AIR  = 


Figure  5.7.3.17 


5.7-55 


environment.  +  800“  F 
AIR 


4  10  40  1 

“rn"' I'l'i — r  >  i  um 

ENVIRONMENT:  +1200®  F 
AIR 


4  10  40  1 

AK  (KSI  -s/Tn) 


NICKEL 

BASE 


INCONEL 
'  718 


.  Abi_rr.  5.7.3.13 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  F I  CURE  5 . ^  .  3  .  18  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  NICKEL  DASE  INCONEL  71B 

CONDITION;  1750F  IHR  AC,  1325F  SHR  FC  TO  1150F, 
HELD  18HR  AC(VIM-EFR) 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  (10*»-6  IN. /CYCLE) 


A 


B 


E=  R.  T. 
LAB  AIR, lOHZ 


E=+1200F 
AIR,  .  67HZ 


DELTA  K 
MIN 


A 

B 

C 

D 


A 

DELTA  K  B 
MAX  C 
D 


12. 

1 1 

0962 

28. 

72 

21. 

7 

13. 

00 

218 

16. 

00 

632 

20. 

00 

1. 

57 

25. 

00 

3. 

83 

30. 

00 

7. 

06 

25. 

1 

35. 

00 

11. 

7 

37. 

7 

AO. 

00 

19. 

5 

49. 

0 

45. 

33 

35. 

7 

45. 

46 

60. 

6 

ROOT  MEAN  SQUARE  4  97  3.  70 

PERCENT  ERROR 


LIFE  0.  0-0  5 

PREDICTION  0.  5-0  8 

RATIO  0.8-1  25  J  1 

SUMMARY  1.25-2  0 

(NP/NA>  .'.2.  0 


5.7-56 


TABLE  5.7.3.19 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 . 7.  3. 19  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL;  NICKEL  BASE  INCONEL  718 

CONDITION:  1750F  IHR  AC.  1325F  8HR  FC  TO  1150F,  HELD  18HR  AC 
(VIM- VAR) 

ENVIRONMENT:  R.  T.  .  LAB  AIR 


DA/DN  (10**-6  IN.  /CYCLE) 

BCD 


DELTA  K  B 
MIN  C 
D 


20.  00 

2.  99 

25.  00 

6.  28 

30.  00 

12.  1 

35.  00 

22.  4 

40.  00 

40.  0 

50.  00 

122. 

A:  56.  03 

232. 

DELTA  K  B: 

MAX  C: 

D; 

ROOT  MEAN  SQUARE 

5.  04 

PERCENT  ERROR 


LIFE  0.  0-0,  5 

PREDICTION  0.  5-0.  8 

RATIO  0.8-1  25  1 

SUMMARY  1.25-2.0 
(NP/NA)  >2. 0 


5.7-58 


1750F  IHR  AC.  1325F  8HR  FC  TO  1150F. 
CONDITION/HT:  HELD  18HR  ACCVIM-VAR) 

FORM;  0.  63"TH  FORGED  BAR  YIELD  STRENGTH:  164.  9  KSI 

SPECIMEN  TYPE:  CT  ULT  STRENGTH:  208.  1  KSI 

ORIENTATION:  T-L  SPECIMEN  THK:  0.301" 

FREQUENCY:  8.33-  10.00  HZ  SPECIMEN  WIDTH.  1.151" 

■ENVIRONMENT:  R.  T.  .  LAB  AIR  REFERENCES:HD016 


NICKEL 

BASE 


INCONEL 

718 


AK  (MPA  -s/m) 

4  10  40  100 


4  10  40  100 


4  10  40  100 

AK  (KSI  s/Tn) 


4  10 


4  10  -i 

AK  (KSI  -s/Tn) 


I'iKurt’  5.7.3.19 


5.7-59 


2 

"D 

lO"*  re 

■D 


10  ^  ^ 


10  fo 
■o 


%  s 


TABLli  5.7.3.20 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 . 7 . 3 . 20  IND IC ATI NG  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  NICKEL  BASE  INCONEL  718 

CONDITION:  1750F  IHR  AC,  1325F  8HR  FC  TO  1150F.  HELD  18HR  AC 

<VIM-VAR) 


DELTA  K 

DA/DN  (10**-6 

IN. /CYCLE) 

(KSH!-IN**l/2) 

A 

B 

C 

D 

E=+  600F 

E=+  800F 

E=+1000F 

E=+1200F 

AIR 

AIR 

AIR 

AIR 

A 

13.  90 

1.  13 

DELTA  K  B 

13.  42 

1.  37 

MIN  C 

12.  74 

1.  93 

D 

16.  46 

20.  1 

13.  00 

2.  06 

16.  00 

2.  01 

2.  70 

3.  88 

20.  00 

4.  34 

5.  66 

7.  07 

34.  6 

25.  00 

8.  72 

11.  1 

11.9 

59.  4 

30.  00 

16,  0 

19.  4 

17.  2 

83.  4 

35.  00 

28.  9 

32.  3 

22.  5 

40.  00 

52.  9 

A 

37.  80 

40.  5 

DELTA  K  B 

41.  21 

59.  6 

MAX  C 

39.  66 

27.  2 

D 

31.  33 

88.  9 

ROOT  MEAN  SQUARE 

4.  62 

3.  55 

7.  73 

2.  35 

PERCENT  ERROR 

LIFE 

0.  0-0.  5 

PREDICTION 

0.  5-0.  8 

RATIO 

0.8-1.25  1 

1 

SUMMARY 

1.  25-2.  0 

(NP/NA) 

>2.  0 

5.7-&0 

1750F  IHR  AC.  1325F  8HR  FC  TO  1150F. 

CONDITION/HT:  HELD  18HR  ACCVIM-VAR) 

FORM:  0.  63"TH  FORGED  BAR  YIELD  STRENGTH:  164.  9  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  208.  1  KSI 

ORIENTATION  T-L  SPECIMEN  THK:  0.300-  0.302" 

STRESS  RATIO:  ■*•0.05  SPECIMEN  WIDTH:  1.152-  1.153" 

■'FREOUENCY:  0.67  HZ  REFERENCES:HD016 


AK  (MPA  v/m) 

4  10  40  100 

I'M  I'l'I - 1  'I'J'i'l — =fl 

ENVIRONMENT:  600“  F.  —  iqO 

AIR  =  ^ 


4  10  40  100 

I'M  I'l'I  I  '  I  'J'i'l — =^1 
ENVIRONMENT,  -►1000“  F.  —  10° 
AIR  Z  ^ 


4  10  40  100 

AK  (KSI  v/Tn) 


AK  (MPA  v/m) 

4  10  40  1 

■|  ''  T'  I'l'I - 1  '  MJ  'I 

ENVIFiONMENT:^-  800“  F 
AIR 


4  10  40 


ENVIRONMENT: 


•1200' 


4  10  40 

AK  (KSI  -v/m) 


i'igtire  5.7.3.20 


5.7-61 


NICKEL 

BASE 


INCONEL 
'  718 


TABLE  5.7.3.21 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 

OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 7. 3.21  INDICATING  EFFECT 

OF  STRESS  RATIO 

■ 

) 

MATERIAL; 

NICKEL  BASE  INCONEL  718 

CONDITION 

1750F  IHR  Q,  1325F  8HR  FC  TO  1150F  AT 

fe- 

lOOF/HR 

HOLD  8HR,  AC 

■3>''  ■■■ 

ENVIRONMENT:  +1000F, AIR 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

i 

(KSI*IN**l/2) 

A  B  C  D 

m 

R=+0.  03 

A 

16.  37 

2.  25 

^dSfi 

DELTA  K  B 

MIN  C 

D 

-v:*; 

20.  00 

4.  80 

25.  00 

9.  24 

i  ( 

30.  00 

14.  7 

35.  00 

21.  9 

40.  00 

32.  0 

A 

47.  47 

56.  9 

’.  •*.  <. 
‘  *«•  "«• 

DELTA  K  B 

» 

MAX  C 

D 

CONDITION  HT  100F/HR  HOLD 
FORM  1. ig-TH  DISK 
SPECIMEN  TYPE  KB  BAR 

orientation  C-R 

FREQUENCY  0.  33  HZ 

ENVIRONMENT  +1000"  F.  AIR 


1750F  IHR  Q.  1325F  8HR  FC  TO  1150F  AT 
100F/HR  HOLD  BHR.  AC 

■H  DISK  YIELD  STRENGTH  150.0  KSI 

KB  BAR  ULT  STRENGTH 

R  SPECIMEN  THK  0.  250" 

0.  33  HZ  SPECIMEN  WIDTH  0.  900-  0.  902" 

+  1000"  F.  AIR  REFERENCES GE005 


NICKEL 

BASE 


INCONEL 

718 


AK  (MPA  •v/m) 

4  10  40  100 

7  ’  I  '  I  M'l - ^ M  ' I  M 

STRESS  RATIO  ♦0.  03 


AK  (MPA  V  iti  i 
4  10  40  100 

(b)  I '  I'l'i  T 

I  stress  ratio  ^ 


ThuLL  3  .  /  .  j.  __ 

F-TIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
□F  STRESS  INTENSITY  FACTOR 

A  r^SSOCIATED  WITH  FIGURE  5.7.3.::  INDICATING  EFFECT 


SI 


or  ENVIRONMENT 


'•A'^ERIAL.  NICKEL  FASE  INCONEL  718 

CCNDITIOfv  17D0-  'HR  Q,  1325F  SHR  FC  TO  1  1 50F  AT 
lOOF/HF  hold  SHR,  AC 


1750F  IHR  Q.  1325F  8HR  FC  TO  11501-  AT 
CONDITION  HT  100F/HR  HOLD  8HR.  AC 
FORM.  1.13-  1.30‘'TH  DISK  YIELD  STRENGTH:  150.  0  KSI 

SPECIMEN  TYPE;  KB  BAR  ULT  STRENGTH 

ORIENTATION  C-R  SPECIMEN  THK:  0.251-  0.254" 

STRESS  RATIO  -0.33  SPECIMEN  WIDTH:  0.903-  0.907" 

FREQUENCY  0.  33  HZ  REFERENCES:GE005 


NICKEL 

BASE 


INCONEL 
'  718 


AK  (MPA  v/m) 


ENVIRONMENT;  +  3 


AK  (MPA  >/m) 


TABLt; 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  F I  CURE  j  .  / .  i . 1  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  NICKEL  EASE  INCONEL  718 

CONDITION:  17S0F  IHR  Q,  13E!5F  8HR  FC  TO  1  1 50F  AT 
lOOF/HR  HOLD  GHR.  AC 


DLL 

TA  K 

DA/DN  (10** 

(KS1*IN**1 /2) 

A 

D 

E=+1000F 

E=+1200F 

AIR 

AIR 

A:  13.  89 

.  96 

DELTA  K 

B:  17.  86 

8.  13 

MIN 

C: 

D: 

16.  00 

1.  68 

20.  00 

3.  70 

9.  75 

25.  00 

7.  77 

16.  8 

30.  00 

14.  3 

28.  8 

35.  00 

24  6 

45.  6 

40.  00 

40.  7 

65.  4 

A:  48.  37 

CO 

>0 

DELTA  K 

b:  48.  27 

95.  9 

MAX 

C: 

ROOT  MEAN  SQUARE  10.  33  19.  70 

PERCENT  ERROR 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  0 
0.  5-0.  8 
0.  8-1.  S?5 
1.  25-2.  0 
>2.  0 


1750F  IHR  Q.  1325F  8HR  FC  TO  1150F  AT 
CONDITION/HT;  100F/HR  HOLD  8HR.  AC 

FORM:  1.  13"TH  DISK  YIELD  STRENGTH:  1 50.  0  KSI 

SPECIMEN  TYPE:  KB  BAR  ULT.  STRENGTH 

ORIENTATION  C-R  SPECIMEN  THK  0.252-  0.255" 

STRESS  RATIO:  -0.33  SPECIMEN  WIDTH:  0.905-  0.911" 

FREQUENCY:  0.  33  HZ  REFERENCES:GE005 


AK  (MPA  v/m) 

4  10  40  100 

T-'^n 'TH — I  ’  I’j’J-'i — ^ 

ENVIRONMENT:  +1000“  F.  —  io° 
AIR  =  ^ 


4  10  40  100 


ENVIRONMENT 


4  10  40  100 

AK  (KSI  V^) 


AK  (MPA  Vm) 
410  40  1 

!  ’  - 1  '  I  M'I 

ENVIRONMENT  +1200“  F 
AIR 


4  10  40 


4  10  __40 

AK  (KSI  V  in) 


I'  i  K.urc  3.7.  3 . 2  '3 


3 .  7-h7 


Z 

■D 

10  “*  rc 
"D 


2 

■o 

■o 


TABLt  5.7.3.24 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 . 7 . 3.  24  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  NICKEL  BASE  INCONEL 

CONDITION:  1750F  IHR  Q,  1325F  8HR 

1 OOF /HR  HOLD  8HR.  AC 

718 

FC  TO  1150F  AT 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSm-IN**l/2) 

A 

B 

C 

D 

£=+  300F 

L=+  600F 

E=+1000F 

AIR 

AIR 

AIR 

A:  15.09 

.  485 

DELTA  K 

B:  15.82 

.  589 

MIN 

C:  14.  92 

1.  28 

D: 

16.  00 

.  595 

.  626 

1.  70 

20.  00 

1.  45 

1.  66 

3.  36 

25,  00 

3.  38 

3.  66 

5.  95 

30.  00 

6.  13 

7.  64 

10.  8 

35.  00 

11.  0 

13.  9 

19.  1 

40.  00 

19.  1 

19.  9 

30.  3 

A:  44,  05 

27.  9 

DELTA  K 

B:  42.  52 

21.  5 

MAX 

C:  45.  99 

43.  4 

D: 

ROOT  MEAN  SQUARE 

16.  38 

12.  85 

7.  47 

PERCENT 

ERROR 

LIFE  O.  0-0.  5 

PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA>  >2.  0 


5.7-68 


■y  wTi  '•-T- -  t;-- ^  w; 


1750F  IHR  Q.  1325F  8HR  FC  TO  1150F  AT 
CONDITION/HT:  100F/HR  HOLD  0HR.  AC 

FORM  1.  13"TH  DISK  YIELD  STRENGTH:  150.  0  KSI 

SPECIMEN  TYPE:  KB  BAR  ULT.  STRENGTH: 

ORIENTATION  C-R  SPECIMEN  THK:  0.250-  0.252" 

STRESS  RATIO:  +0.  00  SPECIMEN  WIDTH:  0.  900-  0.  906" 

/-•REQUENCY:  0.  33  H2  REFERENCES:GE005 


NICKEL 

BASE 


INCONEL 

718 


yv 


rAHLt;  5.7.3.25 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5.7.3.25  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  NICKEL  BASE  INCONEL  718 

CONDITION:  1750F  IHR  Q,  132DF  8HR  FC  TO  1 1 50F  AT 
1 OOF /HR  HOLD  OHR,  AC 


DELTA  K 

DA/DN  (10«-*-6 

IN.  /CYCLE) 

(KSHi-IN**l /2) 

A 

B 

C 

D 

E=+  300F 

F=+  800F 

E=+1000F 

E=+1200F 

AIR 

AIR 

AIR 

AIR 

A 

19.  86 

1  82 

DELTA  K  B 

7,  10 

.  146 

MIN  C 

14  19 

1.  84 

D 

12.  99 

2.  42 

8.  00 

.  149 

9.  00 

.  221 

10.  00 

.  346 

13.  00 

.  749 

2.  44 

16.  00 

1.  33 

1.  86 

5.  51 

20  00 

1.  86 

2.  67 

2.  59 

9,  92 

25.  00 

3.  98 

5.  99 

6.  06 

23.  4 

30.  00 

7.  94 

12.  4 

14,  5 

42.  7 

35.  00 

14.  3 

23.  0 

20.  9 

64.  3 

40.  00 

23.  4 

38.  5 

27.  6 

86.  3 

A 

47,  23 

40.  8 

DELTA  K  B 

40.  1  1 

38.  9 

MAX  C 

49.  01 

65.  2 

D 

46.  60 

114, 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


15.  70 


21.  44 


21.  88 


5.7-70 


1750F  IHR  Q.  1325F  8HR  FC  TO  1150F  AT 
CONDITION  HT  100F/HR  HOLD  BHR.  AC 

FORM;  1.13-  1.  30"TH  DISK  YIELD  STRENGTH:  150.  0  KSI 

SPECIMEN  TYPE:  KB  BAR  ULT  STRENGTH: 

ORIENTATION  C-R  SPECIMEN  THK:  0.250-  0.254" 

STRESS  RATIO:  +0.03  SPECIMEN  WIDTH:  0.902-  0.910" 

FREQUENCY  0.  33  HZ  REFERENCES:GE005 


NICKEL 

BASE 


INCONEL 
'  718 


AK  (MPA  vTtT) 

4  10  40  100 

T — I" '  rj M'l — ^ 

ENVIRONMENT:  +  300“  F.  —  io° 
AIR  = 


4  10  40  100 


ENVIRONMENT:  +1000“  F.  —  10° 
AIR  = 


4  10  40  100 

AK  (KSI  v^) 


AK  (MPA  v^) 

4  10  40  1 

I  '  I  '  I  M'l  I  '  I  'TT 

ENVIRONMENT  +  800°  F, 
AIR 


4  10  40  • 

I  '"I  '  MI'I  - 1  '  I  U'l 

ENVIRONMENT:  +1200“  F 
AIR 


4  10  _ 40 

AK  (KSI  \  ml 


'  i  3.7.  i .  ,’3 


3  .  /- 7 1 


iii 

MATERIAL: 

NICKEL 

BASE 

INCONEL 

718 

CONDITION: 

1750F 

IHR  Q, 

1325F  8HR 

FC  TO  1150F  AT 

1 OOF/HR  HOLD 

SHR,  AC 

. 

DEl.TA  K 
<KSI*IN-»-*l/2) 


£=+  300F' 


DA/DN  (10*-»(-6  IN.  /CYCLE) 


n=+  600F  E^+  800F 

AIR  AIR 


E=+1000F 

AIR 


DELTA  K  B 
MIN  C 
D 


DELTA  K  B 
MAX  C 
D 


13.  99 
17.  33 
15.  78 
12.  17 

.  523 

1.  33 

1.  36 

2.  60 

13.  00 

1.  81 

16.  00 

.  395 

1.  41 

2.  69 

20.  00 

1.  09 

2.  71 

2.  91 

6.  62 

25.  00 

2.  30 

6.  74 

6.  75 

12.  5 

30.  00 

6.  19 

13.  8 

14.  4 

23.  0 

35.  00 

11.  S 

24.  5 

54.  6 

35.  84 
38.  01 
33.  30 
35.  35 

12.  0 

31.  5 

21.  3 

59.  0 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


:i.  76 


16.  02 


15.  70 


20.  G4 


LIFE  0.  0-0  5 

PREDICTION  0.  5-0  S 
RATIO  0.  8-1  25 

SUMMARY  1.  25-2  0 
(NP/NA)  >2  0 


1750F  IHR  Q.  1325F  8HR  FC  TO  115BF  AT 
CONDITION/HT  100F/HR  HOLD  9HR,  AC 

FORM:  1.13-  1.  30"TH  DISK  YIELD  STRENGTH:  150.  0  KSI 

SPECIMEN  TYPE:  KB  BAR  ULT  STRENGTH 

ORIENTATION  C-R  SPECIMEN  THK  0.250-  0.253" 

STRESS  RATIO:  ♦B.  25  SPECIMEN  WIDTH:  0.  900-  0.  909“ 

FREQUENCY:  0.  33  HZ  REFERENCES:GE005 


NICKEL 

BASE 


INCONEL 

718 


AK  (MPA  v/rn) 

4  10  40  100 

1  I"'’  I '  I'l  I  ‘  I  *J  'JL'I  ^ 

ENVIRONMENT:  300®  F.  —  io° 

AIR  = 


4  10  40  100 


ENVIRONMENT.  ♦  800®  F.  —  io° 
AIR  = 


4  10  40  100 

AK  (KSI  \/in) 


AK  (MPA  \/m] 

4  10  40  1 

I  '  I  '  IM'I - 1  MUM 

ENVIRONMENT  600®  F 
AIR 


4  10  40 

I  '1^1 'Ml - 1  I  ' 

ENVIRONMENT:  ■►1000' 
AIR 


4  10  40 

AK  (KSI  v/m) 


Figure  5.7.3.26 


5.7-73 


. 


TAULh  5.7.3.27 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 7. 3. 27  INDICATING  EFFECT 

or  ENVIRONMENT 


LIFE  0.  0-0  D 

PREDICTION  0.  5-0.  8 
RATIO  0.  8-1  25 

SUMMARY  1.25-2.0 
(NP/NA)  >2  0 


5.7-74 


•-  •w*  v  V  •  • 


1750F  IHR  Q,  1325F  8HR  FC  TO  1150F  AT 
CONDITION/HT:  100F/HR  HOLD  8HR.  AC 

FORM:  1.13-  1.  30"TH  DISK  YIELD  STRENGTH:  150.  0  KSI 

SPECIMEN  TYPE:  KB  BAR  ULT.  STRENGTH: 

ORIENTATION  C-R  SPECIMEN  THK:  0.250-  0.255" 

STRESS  RATIO:  +0.54  SPECIMEN  WIDTH:  0.902-  0.922" 

V-'FREQUENCY:  0.  33  HZ  REFERENCES:GE005 


NICKEL 

BASE 


INCONEL 
'  718 


TAi5i_[i  5.7.3.18 


fatigue  crack  growth  rates  at  defined  levels 

□F  STRESS  INTENSITY  FACTOR 
mSSOCIATED  WITH  F I  CURE  5 . 7 . 3 . 28  INDICATING  EFFECT 
OF  ENVIRONMENT 


MATERIAL:  NICKEL  EASE  INCONEL  718 

CONDITION:  1750F  iHR  Q.  1325F  8HR  FC  TO  1 1 50F  AT 
1  OOF/HR  HOLD  BHR,  AC 


DELTA 

K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

E=+1000F 

E=+1200K 

AIR 

AIR 

A: 

9.  26 

.  412 

DELTA 

K  B: 

3 .  wU 

.  348 

MIN 

C: 

D: 

9.  00 

.  287 

10.  00 

.  857 

2.  12 

13.  GO 

2.  19 

5.  73 

16.  00 

4.  03 

8.  45 

20.  00 

8.  45 

16.  0 

A: 

22  64 

14.  3 

DELTA 

K  B: 

22.  63 

22.  0 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE  0.  0-0  5 

PREDICTION  0.  5-0  8 

RATIO  0.  8-1  25 

SUMMARY  1.25-2  0 

(NP/NA)  >2  0 


18.  59 


5 . 7-76 


1750F  IHR  Q.  1325^  • 

CONDITION  HT  100F/HR  HOLD  BHR.  M 
FORM  1. 13"TH  DISK  •  r 

SPECIMEN  TYPE  KB  BAR 

ORIENTATION  C-R  I  M? 

STRESS  RATIO  +0.  54  ->^’1  'Ml 


0,  ‘  < 
e.  w0  K.  . 


FREQUENCY  0.  33  HZ 


AK  (MPA  -^m) 

4  10  40  100 

I  '  I '  iM'i — I  '  r’jM'i 

ENVIRONMENT  +1000*  F. 
AIR 


u  10“ 


40  100 


ENVIRONMENT: 


^in‘ 
o  10 


4  10  40  100 

AK  (KSI  v'^) 


Rf  f  t  N  !  GE00S 


At*  Ml  «  ^  • 

4  ’I  4,  • 

■  T  T  r  -[-TTIT  '  '''Tty 

e'nviRONMFN’  ♦1200“  F 
AIR 


4  10  40 


ENVIRONMENT 


4  10  40 

AK  (KSI  v/Tn) 


'"‘I 

2 

n 

10^  rz 
•c 


I'igurt'  'b.7.).2H 


da/dN  (mm/cycle) 


lAULb  5.7.3.29 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 7. 3. 29  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  NICKEL  BASE  INCONEL  718 

CONDITION:  1760F  IHR  WQi  1325F  8HRS,  FC  TO  1150F 
8HRS,  AC 


DEI  TA  K 

DA/DN  <10**-6 

IN.  /CYCLE) 

(KSI*IN»*l/2) 

A 

B 

C 

D 

E=  R.  T. 

E=+1200F 

E=+1200F 

E=^+1200F 

LAD  AIR,  .  33HZ 

AIR,  .  33HZ 

AIR, . 02HZ 

AIR, 5MIN  HOLD 

A:  12.  93 

.  0371 

DELTA  KB;  13.  66 

.  172 

KIN  C:  19.  60 

7.  05 

D:  19.  03 

.  615 

13.  00 

.  0525 

16.  00 

1.  02 

.  692 

20.  00 

2.  86 

3.  20 

8.  02 

1.  30 

25.  00 

6.  85 

9.  59 

27.  7 

10.  0 

30  00 

14.  7 

18.  4 

61.  0 

87.  8 

35.  00 

32.  3 

28.  3 

106. 

300. 

40.  00 

38.  5 

160. 

953. 

50.  00 

60.  7 

294. 

60.  00 

88.  9 

4/2. 

70.  00 

130. 

719. 

A;  39.  IS 

324. 

DELTA  KB:  71.  33 

136. 

MAX  C:  77.64 

978. 

D;  41.00 

1205. 

ROOT  MEAN  SQUARE 

19.  82 

18.  82 

20.  92 

29.  11 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 
RATIO  0.  B-1.25 

SUMMARY  1.25-2.0 
(NP/NA)  >2  0 


T^.LLL  >.  /  .  t.  to 

FATIGUE  CRACK  GROWTH  RATES  AT  DEflNED  LEVELS 
OF  STRESS  INTENSITY  FACT  OK 

DATA  ASSOCIATED  WITH  FIGURE  . .  /  .  i .  in  I  ND  I  C  A  T  I  NG  EFFECT 

OF  ENVIRONMENT 

MATERIAL.  NICKEL  RASE  INCONEL  718 

CONDITION;  1 7<G0F  1  HR  WQ,  1325F  8HRS  FC  TO  1  1 50F  8HRS  AC 


DEL  TA  K 
(KSI*IN*»l/2> 


DA./DN  (10**-6  IN  /CYCLE) 


A 


D 


E-  +  1200! 

AIR 


A:  13.  48 

DELTA  K  E: 

MIN  C; 

D; 


.  203 


16  00 

2  44 

20  00 

11.7 

25  GO 

24.  2 

30.  00 

37.  5 

35.  00 

51.  6 

40.  00 

67.  3 

50.  00 

1 10 

58.  25 

167. 

DELTA  K  E 
MAX  C 


ROOT  MEAN  SQUARE  17. 

PERCENT  ERROR 


LIFE  0.0-0  r- 

FREDICTION  0.  S-0  8 
RATIO  08-1. 2D 

SUMMARY  1 .  20-2  0 
<NP/NA)  .2  0 


5.7-80 


CONDITION/HT:  1760F  IHR  WQ.  1325F  8HRS  FC  TO  1150F  8HRS  AC 


FORM:  3.  60"TH  DISK 

SPECIMEN  TYPE:  CCP 
ORIENTATION  C-R 
STRESS  RATIO:  -*-0.  00 
FREQUENCY:  0.  33  HZ 


AK  (MPA  y/m) 

4  10  40  100 

1  '  I '  I'l'i — r' '  I '  iM'i — 

ENVIRONMENT:  +1200“  F.  —  io° 
AIR  = 


4  10  40  100 

I  'T'CI'I - 1  '  I  M'l'l 

ENVIRONMENT. 


4  10  40  100 

AK  (KSI  nAh) 


YIELD  STRENGTH:  171.  6  KSI 
ULT.  STRENGTH  201.7  KSI 
SPECIMEN  THK  0.250" 
SPECIMEN  WIDTH  0.  600" 
REFERENCES:GE000 


AK  (MPA  vrn) 


4  10 

“T'n"'  Pin — 

ENVIFIoNMENT: 


4  10 

■|  '  I  I  IM'I - 

ENVIRONMENT: 


4  10  ^ 

AK  (KSI  vAn) 


I'isuirc  'j.7.5.1() 
7-.S1 


NICKEL 

BASE 


INCONEL 
'  718 


10  ' 

10  ^  ^ 

u 

U 

10'^  ^ 

10’^ 

10'® 

o 

O 

io' 

10'^  ^ 

U 

>S 

O 

lo'E 

z 

T3 

10  “*  ro 
*D 

10  ^ 

10^ 

lABLL  5.7.3.31 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5.7.3.31  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  NICKEL  BASE  INCONEL  718 

CONDITION;  1800F  IHR  Q.  132DF  BHRS  FC  TO  1150F  HOLD  8HRS  AC 


DELTA  K 
(KSI*IN**l/2) 


DELTA  K  B; 
MIN  C; 
D; 


DA/DN  (10**-6  IN.  /CYCLE) 
B  C 


14.  SO 


DELTA  K  B; 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE  0.  0-0  5 

PREDICTION  0.  5-0.  8 

RATIO  0.8-1  25 

SUMMARY  1.25-2  0 

(NP/NA)  >2  0 


E-+1200F 


1.  41 


16.  00 

2.  35 

20.  00 

5.  60 

25.  00 

11.  9 

30.  00 

23.  7 

35.  00 

42.  7 

40.  00 

66,  5 

50.  00 

106. 

55.  00 

112. 

18.  01 


5.7-82 


CONDITION/HT:  1800F  IHR  Q, 
FORM:  4.  67"TH  FORGING 

SPECIMEN  TYPE:  KB  BAR 
ORIENTATION  C-R 
STRESS  RATIO:  +0.  05 
FREQUENCY:  0.  33  HZ 


1325F  BHRS  FC  TO  1150F  HOLD  8HRS  AC 
YIELD  STRENGTH  169.  2  KSI 
ULT.  STRENGTH: 

SPECIMEN  THK  0.250" 

SPECIMEN  WIDTH  0.600" 
REFERENCES:GE001 


AK  (MPA  Vm) 

4  10  40  100 

1  '  I  n 'I'l  I  '  I ' j T'l  =^1 
ENVIRONMENT:  ■►1200“  F.  —  iflO 
AIR  =  ^ 


4  10  40  100 


4  10  40  100 

AK  (KSI  v^l 


AK  (MPA  vrni 
4  10  4 


4  10 


4  10  _ ■< 

AK  (KSI  v"  in) 


if.urt-  5.7.3.31 


5.7-83 


*  •  •  •  •v  •  • 


NICKEL 

BASE 


INCONEL 
'  710 


CONDITION/HT:  ST  1850F.  1360F  9HRS.  F/C  1175F 


FORM  4.  00"TH  FORGED  BAR 
SPECIMEN  TYPE:  CT 
ORILNIATION  L-T 
STRESS  RATIO:  +0.  08 
FREQUENCY: 


YIELD  STRENGTH  160.  0  KSI 
ULT.  STRENGTH:  192.0  KSI 
SPECIMEN  THK  0.500" 

SPECIMEN  WIDTH:  5.900-  6.000' 

REFERENCES:00579 


NICKEL 

BASE 


INCONEL 
'  718 


AK  (MPA  y/m) 

4  10  40  100 

I  '  I  M'I'I - 1  'i'lM'l 

ENVIRONMENT:  R.  T.  , 

L.  H.  A.  .  6HZ 


4  10  40  100 

I  '  I '  I'i'i — I  nrTrf'r 

ENVIRONMENT^  R.  T.  . 

S.  T.  W.  .  IHZ 


4  10  40  100 

AK  (KSI 


AK  (MPA  vTtT) 
4  10  4 

I  'j'l'i'i — 
ENVIFIONMENT  +  41 
L.  H.  A.  ,  6HZ 


4  10 

I  I'I'I  ■ 

ENVIRONMENT 


4  10  _ ' 

AK  (KSI  v'  in) 


I  iiMirc  'b.7.  i.'V.l 


TAtfLt  5.7.3.33 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 7. 3.  33  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  NICKEL  BASE 
CONDITION:  ST  1850F,  1360F 

INCONEL  718 

9HRS  F/C  1175F 

DELTA 

K 

DA/DN  (10**-6 

IN. /CYCLE) 

(KSI*IN**l/2) 

• 

A 

B 

C 

E=  R.  T. 

E=+  400F 

L.  H.  A. 

L.  H.  A. 

A: 

19.  84 

.  710 

DELTA  K 

B: 

17.  85 

.  738 

MIN 

C: 

D: 

20.  00 

.  773 

1.  66 

25.  00 

3.  38 

5.  47 

30.  00 

6.  69 

12.  1 

35.  00 

10.  8 

20.  2 

40.  00 

16.  0 

27.  7 

50.  00 

30.  2 

A: 

59.  27 

47.  0 

DELTA  K 

B: 

49.  30 

49.  8 

MAX 

C: 

D: 

ROOT  MEAN  SQUARE 

3.  11 

6.  49 

PERCENT  ERROR 

LIFE  O.  0-0.  5 

PREDICTION  0.  5-0.  8 

RATIO  0.  8-1.  25 

SUMMARY  1.25-2  0 

(NP/NA)  >2.  0 


5.7-86 


CONDITION/HT:  ST  1850F,  1360F  9HRS  F/C  1175F 


FORM  4.  00"TH  FORGED  BAR 
SPECIMEN  TYPE:  CT 
ORIENTATION  L-T 
STRESS  RATIO:  ■►0.  50 
FREQUENCY:  6.  00  HZ 


AK  (MPA  v/m) 

4  10  40  100 

I  '  1 ' I 'I'l  I  '  r' I 'I'l 

ENVIRONMENT:  R.  T.  . 

L.  H.  A. 


4  10  40  100 


ENVIRONMENT: 


4  10  40  100 

AK  (KSI  v^) 


YIELD  STRENGTH:  160.  0  KSI 
ULT  STRENGTH:  192.  0  KSI 
SPECIMEN  THK:  0.500" 

SPECIMEN  WIDTH:  5.  990-  6.  000" 

REFERENCES:88579 


AK  (MPA  v^) 

4  10  40  1 


ENVIRONMENT:  h-  400®  F 

L.  H.  A. 


4  10  40  100 


4  10  40 

AK  (KSI  v/m) 


Figure  5.7.3.33 


5.7-37 


NICKEL 

BASE 


INCONEL 

718 


10  ra 

T3 


10  ^  -Si 


z 

"O 

1 0  ro 
"D 


TABLE  5.7.3.34 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 . 7 . 3 . 34  I NDI GATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  NICKEL  BASE  INCONEL  718 

CONDITION:  ST  1850F.  1360F  9HRS.  F/C  1175F 


DELTA  K 

DA/DN  (10**-6 

IN. /CYCLE) 

(KSHHN»*l/2) 

A 

B 

C 

E=  R.  T. 

E=  R.  T. 

E^  R.  T. 

L.  H.  A.  ,  6HZ 

S.  T.  W.  ,  IHZ 

S.  C.  S.  .  IH 

A:  26.  21 

.  346 

DELTA 

K 

B:  28.  93 

.  394 

MIN 

C;  31.  51 

1.  18 

D; 

30.  00 

1.  12 

.  631 

35.  00 

3.  13 

1.  93 

2.  18 

40.  00 

6.  30 

2.  82 

3.  92 

50.  00 

16.  1 

8.  61 

11.0 

60.  00 

32.  9 

27.  8 

25.  8 

70.  00 

40.  5 

50.  3 

80.  00 

208. 

87.  1 

90.  00 

154. 

A:  67.  39 

54.  8 

DELTA 

K 

B:  81.  34 

306. 

MAX 

C:  95.  99 

225. 

ROOT  MEAN  SQUARE 

13.  44 

16.  84 

PERCENT  ERROR 

LIFE  0.  0-0,  0 

PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA)  >2  0 


5.7-83 


CONDITION/HT  ST  ISSBF,  1360F  9HRS.  F/C  1175F 
FORM:  4.  00"TH  FORGED  BAR  YIELD  STRENGTH:  160.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  192.  0  KSI 

ORIENTATION  T-L  SPECIMEN  THK:  0.500-  0.510" 

STRESS  RATIO:  ■►0.  08  SPECIMEN  WIDTH:  7.  390-  7.  400" 

FREOUENCY:  REFERENCES;08579 


AK  (MPA  v/m) 

4  10  40  100 

!  '  I  '  IW - 1  '  i'lM'l 

ENVIRONMENT:  R.  t.  , 

L.  H.  A.  .  6HZ 


4  10  40  100 


ENVIRONMENT^  R- 
S.  C.  S..  IHZ 


4  10  40  100 

AK  (KSI  v/m) 


AK  (MPA  y/m) 
4  10  4i 

I  M'l'l'l - 

ENVIRONMENT:  R.  1 

S.  T.  W.  .  IHZ 


4  10  40 


NICKEL 

BASE 


INCONEL 

718 


10'^  ^ 


z 

10  re 

■D 


10'^  -J- 


Figure  5.7.3.3A 


5.7-89 


TAULt  5.7.3.35 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 . 7. 3. 35  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  NICKEL  BASE  INCONEL  718 

CONDITION:  ST  1850F,  1360F  9HRS,  F/C  1175F 


DELTA  K 

DA/DN  (10**-6 

IN. /CYCLE) 

(KSI«IN**l/2) 

A 

B 

C 

E=  R.  1 . 

E=+  400F 

E=  R.  T. 

L.  H.  A. 

L.  H.  A. 

S.  T.  W. 

A:  28.  21 

2.  84 

DELTA 

K 

B:  20.07 

.  335 

MIN 

C:  20.  92 

.  253 

D: 

25.  00 

1.  23 

1.  02 

30.  00 

3.  57 

2.  86 

2.  63 

35.  00 

6.  84 

5.  47 

4.  07 

40.  00 

11.  4 

9.  81 

7.  38 

50,  00 

27.  0 

29.  8 

60.  00 

78.  8 

74.  0 

70.  00 

277 

80.  00 

564. 

A:  84.  76 

550. 

DELTA 

K 

B:  61. 11 

80.  0 

MAX 

C:  43.  46 

13.  5 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


8  98 


13.  52 


13,  99 


LIFE  0.  0-0.  5 

PREDICTION  O.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


5.7-90 


CONDITION/HT:  ST  1850F.  1360F  9HRS,  F/C  1175F 


FORM:  4.  00"TH  FORGED  BAR 

SPECIMEN  TYPE:  CT 
ORIENTATION  S-L 
STRESS  RATIO:  +0.  08 
FREQUENCY:  1.  00-  6.  00  HZ 


AK  (MPA  v/m) 

4  10  40  100 

I'M  iM'i — r  '  I 'I'i'i 

ENVIRONMENT:  R.  T.  , 

L.  H.  A. 


4  10  40  100 

— I  'I'I'I'I 

ENVIRONMENT:  R.  t.  . 

S.  T.  W. 


4  10  40  100 

AK  (KSI  v/m) 


YIELD  STRENGTH:  160.  0  KSI 
ULT,  STRENGTH:  192.0  KSI 
SPECIMEN  THK:  1.000" 
SPECIMEN  WIDTH:  3.  770" 
REFERENCES:00579 


AK  (MPA  v/rnT) 

4  10  40 


ENVIRONMENT:  ♦  400 

L.  H.  A. 


4  10  40 


4  10  40 

AK  (KSI  \/Tn) 


Figure  5. 7. 3. '55 


5.7-91 


NICKEL 

BASE 


INCONEL 

718 


k‘. 

f  '''-‘i 

L^:--L 


'.■•  '.'■  lyv ■.V-  V^"'- ■'“A”'- 


V«V  * • ' 


^  r".  ^  V"^  ^  ' 


1 


Kv^.-.-; 

M 


ri*- 


r^-v 

r.:--.*-; 

'  •  *  •  * 

m 


TABLE  5.7.3.36 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DA'iA  ASSOCIATED  WITH  FIGURE  5.7.3.36  INDICATING  EFFECT 

OF  ENVIRONMENT 


K*Sv‘ 


MATERIAL:  NICKEL  BASE  INCONEL 

CONDITION;  1950F  AC.  1325  F  SHRS. 

718 

FC  TO  1150F,  HELD  18HRS  AC 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSHHN**l/2) 

A 

B  C 

D 

E=  R.  T. 

E=+  600F 

LAB  AIR.S.  33HZ 

AIR.  .  67HZ 

A;  19.  66 

1.  02 

DELTA  KB:  20.  46 

1.  94 

MIN  C: 

D: 

20.  00 

1.  05 

25.  00 

1.  97 

3.  92 

30.  00 

3.  95 

7.  70 

35.  00 

7.  36 

13.  5 

40.  00 

21.  1 

A:  38.  40 

10.  5 

DELTA  KB:  47.  52 

34.  6 

MAX  C: 

D: 

ROOT  MEAN  SOU.ARE 

4.  50 

4.  32 

PERCENT  ERROR 


CONDITION/HT:  1950F  AC,  1325F  8HRS,  FC  TO  1150F,  HELD  18HRS  AC 


FORM  0.  50"Th  PLATE 
SPECIMEN  TYPE:  CT 
ORIENTATION  L-T 
STRESS  RATIO;  +0.  05 
FREQUENCY: 


AK  (MPA  -v/m) 

4  10  40  100 

I'M  PPI - 1  "  '  I  '  IM'I 

ENVIRONMENT:  R.  T.  , 

LA8  AIR.  8.  33HZ 


ENVIRONMENT 


YIELD  STRENGTH:  161.  1  KSI 
ULT.  STRENGTH:  198.  2  KSI 
SPECIMEN  THK:  0.490-  0.491" 

SPECIMEN  WIDTH:  1.992-  1.997" 

REFERENCES:HD015 


AK  (MPA  v/m) 

4  10  40 


4  10  40  100 


4  10  40  100 

AK  (KSI  v/Tn) 


ENVIRONMENT:  600 

AIR,  .  67HZ 


4  10  40 


4  10  40  100 

AK  (KSI  v/Tn) 


i  iguri-  5.7.3.36 


5.7-63 


NICKEL 

BASE 


INCONEL 
'  718 


CONDITION/HT:  1950F  AC.  1325F  8HRS.  FC  TO  1150F.  HELD  18HRS  AC 


FORM:  0.  50"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION:  T-L 
FREQUENCY:  0.  67  HZ 

ENVIRONMENT:  ♦1000"  F.  AIR 


AK  (MPA  v/m) 

4  10  40  100 


4  10  40  100 


4  10  40  100 

AK  (KSI  -\/m) 


YIELD  STRENGTH:  161.  1  KSI 
ULT  STRENGTH  198.2  KSI 
SPECIMEN  THK:  0.  490" 

SPECIMEN  WIDTH:  1.  996-  1.  998* 

REFERENCES:HD015 


AK  (MPA  x/m) 


4  10 


4  10 


’  10« 


4  10  t 

AK  (KSI  v/m) 


Figure  5.7.3.37 
5.7-95 


NICKEL 

BASE 


INCONEL 
'  718 


10'^  ^ 


lO"*  1 

■D 


10  ^ 


z 

^  •D 

10  ro 
•D 


■  •  '  •  .  ■  •  ■  .  , 
v'  V*  V.*L 


rATIGIIE  (RACK  GROWIH  RATE  AT  DEFINED  LFVEL3  OF  THE  STRESS- 1  NTF.N3 1 T  Y  FACTOR 


MATERIAL;  NICKEL  BASE  INIOO 

CONDITION: 


CONDITION/HT: 

FORM: 

SPECIMEN  TYPE:  CT 
ORIENTATION 
STRESS  RATIO:  +0.  50 
••.  FREQUENCY:  0.  16  HZ 


AK  (MPA  Vrn) 

4  10  40  100 

I  '  I  '  FMI - rf|  UM'I - 

ENVIRONMENT:  +  000“  F.  —  mO 
AIR  = 


40  .uO 


4  10  _ 40  100 

AK  I  KSI  V  '1^ ' 


YIELD  STRENGTH:  169.  1  KSI 
ULT.  STRENGTH:  236.  5  KSI 
SPECIMEN  THK;  0.401-  0.500" 

SPECIMEN  WIDTH: 
REFERENCES:PW006 


AK  (MPA  -v/m) 

4  10  40  1 


NICKEL 

BASE 


IN100 


ENVIFiONMENT:  •4-1350“  F. 
AIR 


I  i .  ,urr  .  K  .  ) .  1 


4  10  40  100 


4  10  40  100 

AK  (KSI  v-^) 


10  ^  ^ 


Z 

rj 

lO  **  ro 

■D 


10'^  ^ 


lO"*  1 

■D 


TABLt  5.8. 3.2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  F I CURE  5 . 8 . 3 . 2  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL;  NICKEL  BASE  INI 00 

CONDITION: 

ENVIRONMENT:  h-IIOOF,  AIR 

DEl.TA  K 

DA/DN  (10«*-6 

IN.  /CYCLE) 

(KSI*IN-intl/2) 

A 

B 

C 

D 

O 

d 

T 

II 

a: 

R=+0.  30 

A:  14.  26 

CD 

DELTA 

KB:  14.  98 

14.  8 

MIN 

C: 

D: 

16.  00 

16.  7 

19.  8 

20.  00 

31 . 7 

43.  3 

25.  00 

55.  3 

74.  7 

30.  00 

76.  9 

105. 

35.  00 

97.  8 

138. 

40.  00 

123. 

176. 

50.  00 

223. 

289. 

60.  00 

466. 

70.  00 

593. 

A:  52.  90 

289. 

DELTA 

KB:  72.  77 

601. 

MAX 

C: 

D: 

ROOT 

MEAN  SQUARE 

9.  12 

21.  12 

PERCENT  ERROR 

LIFE  0.  0-0  5 

PREDICTION  0.  5-0  S 

RATIO  0.8-1  25 

SUMMARY  1.25-2  0 

(NP/NA)  >2  0 


5.  <S-h 


MATERIAL:  NICKEL  BASE  INIOO 

CONDITION: 

ENVIRONMENT:  +1200Fi  AIR 


TAULL  5.8. 3. 3 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3.8. 3. 3  INDICATING  EFFECT 

OF  STRESS  RATIO 


DELTA 

K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSHHN**l/2) 

A 

B 

C 

R=+0.  05 

R=+0.  10 

A: 

15.  48 

7.  64 

DELTA 

K 

B: 

24.  21 

10.  0 

MIN 

C: 

D: 

16.  00 

8.  62 

20.  00 

26.  2 

25.  00 

54.  9 

10.  6 

30.  00 

74.  2 

15.  5 

35.  00 

91.  0 

40.  00 

116. 

50.  00 

250. 

A: 

50.  85 

272. 

DELTA 

K 

B: 

30.  86 

15.  9 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE 

0.  0-0 

5 

PREDICTION 

0.  5-0 

8 

RATIO 

0.  8-1 

25 

SUMMARY 

1.  25-2. 

0 

(NP/NA) 

>2 

0 

TAliLL  5.8. 3.4 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5.8. 3.4  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  NICKEL  BASE  INIOO 

CONDITION; 

ENVIRONMENT;  +1350F,  AIR 


f  AULt-  .  H  .  i .  ) 


FATIGUE  CRACK  GRnWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTHR 

DATA  ASSOCIATED  WITH  FIGURE  5.8.3.')  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL; 

CONDITION 

NICKEL  BASE 

INIOO 

DELTA  K 
(KSI*IN**l/2) 

A 

DA/DN  (10**-6  IN  /CYCLE) 

B  C 

D 

AIR 

E=+  300F 

E=+  500F 

AIR 

A 

DELTA  K  B 
MIN  C 

D 

14.  09 
14.  58 

.  0917 

871 

16.  00 
20.  00 
25.  00 

.  556 

1.  42 

3.  59 

1.  30 

3.  12 

6.  47 

A 

DELTA  K  B 
MAX  C 

D 

29.  33 
26.  09 

6.  54 

7.  31 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 

15.  79 

8.  94 

CONDITION/HT: 

FORM 

SPECIMEN  TYPE;  CT 
ORIENTATION  C-R 
STRESS  RATIO:  +0.  10 
FREQUENCY:  30.  00  HZ 


AK  (MPA  \/m) 

4  10  40  100 

I  '  I  'T'rn — I  '  I  u'l'i — 

ENVIRONMENT:  +  300“  F.  —  io° 
AIR  = 


4  10  40  100 

I'M  I'I'I  I  '  I  M'l'l 

ENVIRONMENT: 


YIELD  STRENGTH 
ULT  STRENGTH; 

SPECIMEN  THK:  0.500" 
SPECIMEN  WIDTH;  2.500' 
REFERENCES:PW003 


4  10  40  100 

AK  (KSI 


AK  (MPA  v/m) 

4  10  40  1 


=  I  '  I  '  I'I'I - 1  '  1  '  1  'I'T 

_  ENVIRONMENT.  +  500°  F. 
AIR 

— 

/ 

I - 

1  4  10  40 

t  I  '  I '  I'Mi — 

-  ENVIRONMENT 


4  10  _ 40 

AK  (KSI  \  ml 


I'  i  I'urL'  5.8.  1.5 
5.8-1  i 


NICKEL 

BASE 


IN100 


10  ro 
■D 


10'^ 


z 

X3 

10  “’  ro 
-o 


lAULL  5.8. 3. b 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  F IGURE  5 . 8 . 3 . 6  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL; 

CONDITION 

NICKEL  EASE  INIOO 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSHHN**l/2) 

ABC 

E=+  eoor  E=+1100F  E=+1150F 

AIR  AIK  AIR 

A 

16.  43 

3.  24 

DELTA  K  B 

14.  26 

13.  2 

MIN  C 

17.  57 

13  7 

D 

16.  00 

16.  4 

20.  00 

4.71  32.2  22.2 

25.  00 

55.  4 

30.  00 

75.  6 

35.  00 

96.  8 

40.  00 

124 

50.  00 

227. 

A 

21.  80 

6.  30 

DELTA  K  B 

52.  90 

279. 

MAX  C 

23.  45 

CO 

ri 

in 

ROOT  MEAN  SQUARE 

22.  76 

8.  93 

10.  20 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0,  0-0  5 
0  5-0  8 
0  B-1  2 
1.  25-2  0 
;:2.  0 


CONDITION/HT: 

FORM 

SPECIMEN  TYPE  CT 
ORIENTATION  C-R 
STRESS  RATIO  +0.  10 
FREQUENCY  0.  16  HZ 


AK  (MPA  v^) 

4  10  40  100 


+  800“  F. 

o 

O 

'YTT 

1  , 
Mil  1 

O 

—  10  ‘ 

L  = 

'  1  III  l' 

o 

u> 

W 

□ 

—  10^' 

—  10^ 

—  10® 

4  10  40  100 

r  '  I '  I'i'i — 1  'i'ri-'' 

ENVIRONMENT:  ♦1150®  F. 
AIR 


4  10  40  100 

AK  (KSI  v^) 


YIELD  STRENGTH  169.  1  KSI 
ULT,  STRENGTH  236.  5  KSI 
SPECIMEN  THK  0.250-  0.500" 

SPECIMEN  WIDTH 
REFERENCES:PW006 


AK  (MPA  v/rn) 

4  10  40  1 

I  'T’"f  'TT  r  '  1  M^r 

ENVIRONMENT  -*-1100*'  F 
AIR 


1  4  10  40 

£■  I  ’’I '  I'Pi 

-  ENVIRONMENT 


4  10  ^40 

AK  (KSI  V 


I' i), lire  5  .  K  .  ! .  (i 

'i .  8-  1 


NICKEL 

BASE 


IN100 


lAL.i_L  5.8.  J.  7 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE.  5.8.3. 7  INDICATING  EFFECT 

OF  FREQUENCY 


MATERIAL:  NICKEL  BASE  INIOO 

CONDITION: 

ENVIRONMENT:  +  800F.  AIR 


DELTA  K 
(KSI*IN-«-»l/2) 


DA/DN  6  IN.  /CYCLE; 


A 


D 


F=2  MIN  HOLD  F(HZ)=  0.  16  F(HZ)=  20.00 
TRAPEZOIDAL 


A 

DELTA  K  B 
MIN  C 
D 


25.  35 
16.  43 
12.  40 


15.  9 


3  24 


919 


13.  00 

1 . 02 

16.  00 

2.  01 

20.  00 

4.  71 

4,  58 

25.  00 

8.  07 

30.  00 

21.  4 

13.  7 

A. 

30.  46 

16.  6 

DELTA 

K  E: 

21.  80 

6.  30 

MAX 

C: 

30.  78 

15.  3 

D 


ROOT  MEAN  SQUARE  17  04  22.76  9.62 

PERCENT  ERROR 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0  5 
0.  5-0  8 
O.  8-1  25 
1.  25-2  0 
;2  0 


CONDITION/HT: 

FORM: 

SPECIMEN  TYPE:  CT 
ORIENTMION:  C-R 
STRESS  RATIO:  +0.  10 

ENVIRONMENT:  +  800“  F.  AIR 


YIELD  STRENGTH  169.  1  KSI 
ULT  STRENGTH  236.  5  KSI 
SPECIMEN  THK  0.461-  0.500' 

SPECIMEN  WIDTH: 
REFERENCES:PW006 


TAliLl-.  5.8.  3.  H 


ROOT  MEAN  SQUARE 


0.  00 


PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 
RATIO  0.  8-1  25 

SUMMARY  1,25-2.0 
(NP/NA)  >2  0 


CONDITION/HT 

FORM 

SPECIMEN  TYPE  CT 
ORIENTATION  C-R 
STRESS  RATIO  ■►B.  10 
ENVIRONMENT  ■►ISBB'’  F.  AIR 


AK  (MPA  -s/m) 

4  10  40  100 


FREQUENCY  =  2  MIN.  HOLD 
TRAPEZOIDAL  WAVEFORM 


4  10  40  100 

n~nmTi — i  '  i  't  ^'t 

FREQUENCY  (Hz)  = 


4  10  40  100 

AK  (KSI  v"^) 


YIELD  STRENGTH:  169.  1  KSI 
ULT.  STRENGTH:  236.  5  KSI 
SPECIMEN  THK:  0.  440" 
SPECIMEN  WIDTH: 
REFERENCES:PW006 


AK  (MPA  -s/m) 
4  10  4 


=  1  '  1 '  I'l'i — 

“  FREQUENCY  (Hz)  = 

- 

— 

I 

— 

— 

_ 1 _ 

■ . l-J., 

1  4  10  40 

E'T  TH  'I - 

~  FREQUENCY  (Hz)  - 


4  10 

AK  (KSI  \  in| 


'  i  ruri'  j  .  8  .  i .  8 
') .  8-  1'! 


NICKEL 

BASE 


IN100 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


6.  68 


15.  29 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0 
O.  5-0 
0.  8-1 
1 . 25-2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 . 8 . 3. 10  I NDIC AT I NG  EFFECT 

OF  STRESS  RATIO 


MATERIAL;  NICKEL  BASE  INIOO 

CONDITION: 

ENVIRONMENT;  +1200F, AIR 

DELTA 

K 

DA/DN  (10**- 6 

IN.  /CYCLE) 

(KSHHN»*l/2) 

A 

B 

C 

R=-l.  00 

R=-0.  50 

A: 

19.  84 

37.  8 

DELTA  K 

D; 

13.  75 

11.9 

MIN 

C: 

D; 

16.  00 

21.  7 

20.  00 

38.  5 

40.  9 

25.  00 

A2.  4 

73.  9 

30.  00 

91.  0 

128. 

35.  00 

132. 

40.  00 

196. 

A; 

42.  98 

253. 

DELTA  K 

B: 

33.  24 

184. 

ROOT  MEAN  SQUARE- 
PERCENT  ERROR 


LIFE  O.  0-0.  0 

PREDICTION  0.  5-0  8 

RATIO  0.  8-1  25 

SUMMARY  1.25-2  0 

(NP/NA)  >2  0 


CONDITION/HT 

FORM:  1.60"TH  FORGING 

SPECIMEN  TYPE  CCP 

orientation 

FREOUENCY:  0.  17  H2 

ENVIRONMENT:  +1200°  F.  AIR 


AK  (MPA  v/m) 


YIELD  strength  109.  1  Fbl 
ULT  strength  236.  6  FSI 
SPECIMEN  THK  0.  299-  0.  309" 

SPECIMEN  WIDTH  0.995-  1.038" 

REFERENCES  PW002 


AK  (MPA  -v/m> 


STRESS  RATIO  = 


10  "  ^ 


lO"*  I 

■D 


10’^  ^ 


z 

^  "D 

10  TO 
■D 


4  10  40 

AK  (KSI  v/7n) 


4  10 

AK  (KSI  V^' 


■igure  5.8. J. 10 


5.8-23 


TAliLK  5.8.3.11 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 8. 3 . 11 INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL;  NICKEL  BASE 
CONDITION; 

ENVIRONMENT;  +1200F, AIR 


INIOO 


CONDITION/HT: 

FORM;  1.60"TH  FORGING 
SPECIMEN  TYPE  CT 
ORIENTATION: 

FREOUENCY;  0.  17  HZ 
ENVIRONMENT;  +1200“  F,  AIR 


AK  (MPA  v/m) 

4  10  40  100 


4  10  40  100 


4  10  40  100 

AK  (KSI  v^) 


YIELD  STRENGTH:  169.  1  KSI 
ULT.  STRENGTH:  236.  5  KSI 
SPECIMEN  THK:  0.302" 
SPECIMEN  WIDTH:  2.  503" 
REFERENCES:PW002 


AK  (MPA  vm) 
4  10  4 


STRESS  RATIO  = 


4  10 


4  10 

AK  (KSI  V^) 


Figure  5.8.3. 11 


5.8-25 


NICKEL 

BASE 


IN100 


lAhuL-  5.8.3.12 


^  /•  • 


'  ? 


m 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 .8 . 3 . 12  INDICATING  EFFECT 


OF  FREQUENCY 


MATERIAL;  NICKEL  BASE  INIOO 

CONDITION: 

ENVIRONMENT:  +1200F,AIR 

DELTA  K 

DA/DN  (10*«— 6  IN.  /CYCLE) 

(KSHHN**l/2) 

A  B  C  D 

F=10  MIN  HOLD 

TRAPEZOIDAL 

A 

23.  52 

509. 

DELTA  K  B 

MIN  C 

D 

25.  00 

616. 

30.  00 

1003. 

35.  00 

1416. 

40.  00 

1875. 

50.  00 

3082. 

60.  00 

5076. 

A 

67.  69 

7719. 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

6.  81 

PERCENT  ERROR 

LIFE  0.  0-0  D 

PREDICTION  0.  5-0  8 

RATIO  0.  B-1  25  1 

SUMMARY  1.25-2  0 

(NP/NA)  >2  0 


5.8-26 


.n...  ■-  ~.  -*»  '» ■ 


■  ^  -  *  *  *  «  -«  •-«  -g  ' 


*  -  ■  —  ■ —  •  -  ^  ^  *A  >  •  « 


MATERIAL:  NICKEL  EASE  INIOO 

CONDITION: 

ENVIRONMENT:  +1000F, AIR 


DELTA  K 
(KSI*IN**l/2) 


TABLE  5.8.3.13 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  F I CURE  5 . 8 . 3 . 13  INDICATING  EFFECT 

OF  STRESS  RATIO 


DELTA  K  B: 
MIN  C: 

D; 


A 

R-=+0.  10 
9.  13 


DA/DN  (10**-6  IN.  /CYCLE) 
B  C 


16.  00 
20.  00 
25.  00 
30.  00 
35.  00 
40.  00 

A:  41.  33 

DELTA  K  B: 


11.9 
17.  6 
24.  6 
33.  2 
45.  8 
65.  2 

72.  1 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE 

0.  0-0 

5 

PREDICTION 

0  5-0. 

8 

RATIO 

0.  8-1 

25 

1 

SUMMARY 

1.  25-2 

0 

(NP/NA) 

>2 

0 

5.8-28 

.  .  ... 

YIELD  STRENGTH  169.  1  KSI 
ULT  STRENGTH  236.  5  KSI 
SPECIMEN  THK:  0.250" 
SPECIMEN  WIDTH  2.502" 
REFERENCES:PW002 


TABLt  5.8.3.14 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5.8.3.14  INDICATING  EFFECT 

OF  STRESS  RATIO 


LIFE  0.  0-0  D 

PREDICTION  0.  D-0  8 
RATIO  0.  8-1 

SUMMARY  1  25-0  0 
(NP/NA>  :  C 


CONDITION/HT: 

FORM  1.60‘'TH  FORGING 
SPECIMEN  TYPE:  CT 
ORIENTATION:  C-R 
FREQUENCY  20.  00  HZ 
ENVIRONMENT  -►  1200“  F,  AIR 


AK  (MPA  v/m) 

4  10  40  100 


4  10  40  100 

I  '  I  '  I'I'I - 1  '  I  '  I'I'I 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  -«/Tn) 


YIELD  STRENGTH:  169.  1  KSI 
ULT,  STRENGTH:  236.  5  KSI 
SPECIMEN  THK:  0.247-  0.442" 

SPECIMEN  WIDTH:  2.494-  2.508" 

REFERENCES:PW002 


AK  (MPA  \/m) 

4  10  40 


10° 

(D 

10  ’ 

10' 

10'^ 

10‘ 

10'^ 

io‘ 

lO"* 

10 

10'^ 

10* 

10° 

10' 

10'' 

STRESS  RATIO  ^  ^-0.  10 


4  10  40 

I  '  I  'I'I'I — r"n^ 

STRESS  RATIO  = 


4  10  40 

AK  (KSI  v/Tn) 


Figure  5.3.3.14 
5.8-31 


NICKEL 

BASE 


IN100 


CONDITION/HT: 

FORM:  1.  60"TH  FORGING 

SPECIMEN  TYPE:  CCP 
ORIENTATION:  C-R 
FREQUENCY:  0.  17  HZ 

ENVIRONMENT:  •*■1200“  F.  AIR 


YIELD  STRENGTH:  169.  1  KSI 
ULT.  STRENGTH:  236.  5  KSI 
SPECIMEN  THK:  0.  296" 
SPECIMEN  WIDTH:  0.  986" 
REFERENCES:PW002 


NICKEL 

BASE 


IN100 


TABLt:  5.8.3.16 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5.8.3.16  INDICATING  EFFECT 

OF  STRESS  RATIO 


CONDITION/HT: 

FORM:  1.  60"TH  FORGING 

SPECIMEN  TYPE:  CT 
ORIENTATION.  C-R 
FREQUENCY:  0.  17  HZ 

•ENVIRONMENT:  •*•1200®  F.  AIR 


YIELD  STRENGTH:  169.  1  KSI 
ULT.  STRENGTH:  236.  5  KSI 
SPECIMEN  THK:  0.  500-  0.  501  " 

SPECIMEN  WIDTH:  2.  496-  2.  505’ 

REFERENCES:PW002 


NICKEL 

BASE 


IN100 


AK  (MPA  y/m) 

A  10  40  100 


4  10  40  100 

1  - 1  I  I  r-TTI  ■ 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  -s/ln) 


AK  (MPA  -s/rn) 
4  10  4 


10° 

(D 

10  ' 

10' 

10'^ 

10' 

10-^ 

io' 

10"' 

10 

10'^ 

10* 

10-« 

10' 

10° 

10’' 

® 

10’ 

10' 

10'^ 

10' 

10-^ 

io' 

io“ 

10' 

10'® 

10* 

10-° 

10 

10 ' 

4  10  40 

I  I  |TTT1 1— n-r 

STRESS  RATIO  = 


4  10 

AK  (KSI  V^) 


10'''  ro 


10'^  ^ 


10“*  ^ 
*0 


Figure  5.3.3.16 


MATERIAL:  NICKEL  BASE 
CONDITION: 


INIOO 


DELTA  K 

DA/DN  (10**-6 

IN. /CYCLE) 

<KSI*IN**l/a) 

A 

B 

C 

E=+1300F 

E=+1350F 

E=-f  1350F 

AIR,  0.  17HZ 

AIR,  0.  OlHZ 

AIR,  0.  17HZ 

A:  20.  20 

39.  0 

DELTA 

K 

B:  27.  86 

281. 

MIN 

C:  14.  68 

16.  2 

D: 

16.  00 

24.  1 

20.  00 

53.  3 

25.  00 

70.  7 

94.  7 

30.  00 

no. 

322. 

145. 

35.  00 

153. 

452. 

216. 

40.  00 

197. 

630. 

329. 

50.  00 

280, 

1117. 

60.  00 

1699. 

A:  54.  45 

313. 

DELTA 

K 

B:  65.70 

2019. 

MAX 

C:  41.  46 

375. 

LIFE 

0.  0-0.  5 

PREDICTION 

0.  5-0.  8 

RATIO 

0.  8-1.  25 

1 

1 

SUMMARY 

1.  25-2  0 

<NP/NA) 

>2.  0 

5.8-36 

CONDITION/HT; 

FORM:  1.  60'’TH  FORGING 

SPECIMEN  TYPE:  CT 
ORIENTATION  C-R 
STRESS  RATIO:  ■►B.  IB 
FREQUENCY: 


AK  (MPA  -v/m) 

4  10  40  100 


4  10  40  100 

I '  I'i'i — r  '  I'JTr” 

RONMEN-Q  •♦■135B®  F, 


ENVIRONMB^TL 
AIR,  B.  17HZ 


4  10  40  100 

AK  (KSI  -N/Tn) 


YIELD  STRENGTH:  169.  1  KSI 
ULT.  STRENGTH:  236.  5  KSI 
SPECIMEN  THK:  B.  253-  B.  5B2" 
SPECIMEN  WIDTH:  2.  490-  2.  51 1 " 

REFERENCES:PWBB2 


AK  (MPA  y/m) 
410  40  1 


10° 

vs/ 

10 

10  ’ 

10' 

10'^ 

io' 

10"* 

10' 

10“* 

10 

10'^ 

10’ 

10° 

10* 

ENVIRONMENT: +1359“  F 
AIR,  B.  BIHZ 


4  10  40  1 

I  '  I  'I'I'I - 1  'I'I'I 

ENVIRONMENT: 


Figure  5.8.3.17 
5.8-37 


4  10  40  1 

AK  (KSI  -v/m) 


NICKEL 

BASE 


INIBB 


*4. 


TAtlLt  5.8.3.18 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5.8. 3.18  INDICATING  EFFECT 

OF  FREQUENCY 


MATERIAL:  NICKEL  BASE 
CONDITION: 

ENVIRONMENT:  +1200F,  AIR 


INIOO 


DELTA  K 
(KSI*IN**l/2> 


DA/DN  IN.  /CYCLE) 


F(HZ)=  0.01  F(HZ)=  0.17  F(HZ)=20.  00 


DELTA  K  B 
MIN  C 
D 


DELTA  K  B 
MAX  C 


15.  43 

20.  0 

13.  17 

7.  25 

13.  55 

3.  94 

16.  00 

21.  5 

16.  9 

4.  92 

20.  00 

36.  9 

35.  3 

8.  16 

25.  00 

69.  8 

62.  0 

15.  2 

30.  00 

120. 

90.  0 

25.  3 

35.  00 

188. 

120. 

36.  6 

40.  00 

274. 

153. 

46.  6 

50.  00 

492. 

239. 

60.  00 

745. 

70.  00 

996. 

80.  00 

1214. 

90.  00 

1378. 

91.  39 

1396. 

57.  86 

337. 

41.  45 

49.  0 

CONDITION/HT: 

FORM:  1.60"TH  FORGING 

SPECIMEN  TYPE:  CT 
ORIENTATION:  C-R 
STRESS  RATIO:  +0.  10 
ENVIRONMENT:  +1200"  F,  AIR 


AK  (MPA  Vm) 

4  10  40  100 

I  '  I  '  I'I'I - 1  '  I  '  I  'I'l 

FREOUENCY  (Hz)  =  0.01 


4  10  40  100 

I'M  I'I'I — r  f  THTfr" 

FREQUENCY  (Hz)  =  9^.  00 


4  10  40  100 

AK  (KSI  >/Tn) 


YIELD  STRENGTH:  169.  1  KSI 
ULT.  STRENGTH:  236.  5  KSI 
SPECIMEN  THK:  0.247-  0.870" 

SPECIMEN  WIDTH:  2.437-  2.511 

REFERENCES:PW006 


AK  (MPA  v/m) 
4  10  4 


10° 

10' 

10’ 

10'^ 

10' 

10-^ 

10 ' 

lO'** 

10 

10° 

10* 

10' 

10'° 

io' 

1  4  10  40 

=  1 . f  I '  I '  I  'I — r~n^ 

~  FREQUENCY  (Hz)  = 


Figure  5.8.3.18 


4  10  ^ 

AK  (KSI  >/ln) 


lO  "*  ^ 
*0 


10'^  -5? 


TAiji-L  5.8.3.19 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5.8.3 .19  INDICATING  EFFECT 

OF  FREQUENCY 


MATERIAL:  NICKEL  BASE 
CONDITION: 

ENVIRONMENT:  +1200F.  AIR 


DELTA  K 
(KSI*IN**i/2) 


INIOO 


DA/DN  (10**-6  IN.  /CYCLE) 


F=1  MIN  HOLD  F=2  MIN  HOLD  F=10  MIN  HOLD  F=20  MIN  HOLD 

TRAPEZOIDAL  TRAPEZOIDAL  TRAPEZOIDAL  TRAPEZOIDAL 


A 

IS.  78 

52.  1 

DELTA 

K 

B 

15.  61 

89.  6 

MIN 

C 

19.  39 

203. 

D 

27.  08 

371 

16.  00 

87.  0 

20.  00 

61.  9 

93.  7 

208. 

25.  00 

144. 

156. 

347. 

30.  00 

315. 

279. 

703. 

587 

35.  00 

559. 

462. 

1363. 

1010 

40.  00 

785. 

679, 

2332. 

1466 

50.  00 

1006. 

2555 

60.  00 

4304 

A 

41.  45 

831. 

DELTA 

K 

B 

50.  80 

1018. 

MAX 

C 

49.  73 

4327. 

D 

67.  35 

6558 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  5 
0.  5-0.  8 
0.  8-1  25 
1.  25-2  0 
>2.  0 


6.  62 


15.  60 


7.  60 


10.  08 


5.8-40 


CONDITION/HT: 

FORM:  1.60-TH  FORGING 

SPECIMEN  TYPE:  CT 
ORIENTATION:  C-R 
STRESS  RATIO:  +0.  10 
ENVIRONMENT:  -►1200"  F.  AIR 


YIELD  STRENGTH:  169.  1  KSI 
ULT  STRENGTH:  236.  5  KSI 
SPECIMEN  THK:  0.250-  0.856" 

SPECIMEN  WIDTH:  2.  436-  2.  510" 

REFERENCES:PW002 


10° 

(D 

10^ 

10  ’ 

10° 

10'^ 

lo'* 

10-^ 

10'^ 

lO'' 

10® 

10'^ 

10'^ 

10° 

10°, 

10° 

® 

10^ 

10’ 

10° 

10'^ 

lo'* 

10'^ 

1 

10® 

10“ 

10® 

10° 

10^ 

10'° 

10® 

t;  1 

3  Q  IQ 

FREQUENCY  =  -  MIN.  HOLD 


FREQUENCY  =  20  MIN.  HOLD 


NICKEL 

BASE 


IN100 


Jl'4 


lALlLL  5,8.3.20 


MATERIAL:  NICKEL  BASE 
CONDITION; 

ENVIRONMENT;  +135GFiAIR 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DA'iA  ASSOCIATED  WITH  F IGURF  5 . 8 . 3 . 20  INDICATING  EFFECT 

OF  FREQUENCY 


CKEL  BASE  INIOO 


DELTA 

K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

D  C 

F=2  MIN  HOl.D 
TRAPEZOIDAL 

A; 

12.  93 

105. 

DELTA 

K 

B; 

MIN 

C; 

D: 

13.  00 

107. 

16.  00 

293. 

20.  00 

776. 

A: 

21.  29 

871. 

DELTA 

K 

B: 

ROOT  MEAN  SQUARE 

13.  50 

PERCENT  ERROR 

LIFE  0.  0-0  5 

PREDICTION  0.  5-0.  8 
RATIO  0.  8-1  25 

SUMMARY  1.25-2  0 
(NP/NA)  >2.  0 


5.S-42 


CONDITION/HT: 

FORM:  1.60"TH  FORGING 

SPECIMEN  TYPE;  CT 
ORIENTATION:  C-R 
STRESS  RATIO:  +0.  10 
ENVIRONMENT:  +1350"  F,  AIR 


AK  (MPA  v/m) 

4  10  40  100 


FREQUENCY  =  2  MIN.  HOLD 
TRAPEZOIDAL  WAVEFORM 


4  10  40  100 


4  10  40  100 

AK  (KSI  y/lii) 


YIELD  STRENGTH:  169.  1  KSI 
ULT  STRENGTH:  236.  5  KSI 
SPECIMEN  THK:  0.  436" 
SPECIMEN  WIDTH:  2.  495" 
REFERENCES:PW002 


AK  (MPA  y/rn) 
4  10  4 


4  10  40 


Figure  5.8.3.20 


4  10  4 

AK  (KSI  >/m) 


5.8-43 


NICKEL 

BASE 


IN100 


10  ^  ^ 


z 

•D 

10^  ro 
n 


lO  ""  re 


TAbLh  5.8,3,21 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 .8 . 3 . 21  INDICATING  EFFECT 


OF  FREQUENCY 


MATERIAL;  NICKEL  BASE 
CONDITION: 

ENVIRONMENT:  +1200F. AIR 


INIOO 


DELTA  K 
(KSI*IN*-ttl/2) 


DA/DN  (10**-6  IN.  /CYCLE) 


F(HZ)=  0.17  F(HZ>=  20.00 


DELTA  K  B 
MIN  C 
D 


9.  28 
A.  29 


5.  00 

6.  00 

7.  00 

8.  00 

9.  00 

10.  00 
13.  00 
16.  00 


17.  5 


19.  5 
31.  8 
55.  2 


.  367 


.  600 
.  977 

1.  32 
1.  68 

2.  11 
2.  69 


DELTA  K  B 
MAX  C 
D 


18.  16 
11.  78 


84.  6 


4.  46 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


6.  15 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  5 
0.  5-0.  8 
0.  8-1.  25 
1.  25-2.  0 
>2.  O 


5.8-44 


TAHLt;  5.8.3.22 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE 


INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL;  NICKEL  BASE 


INIOO 


CONDITION:  PRESTRAIN 

fS  ENVIRONMENT;  +1200F, AIR 


ROOT  MEAN  SQUARE  33.  86 

PERCENT  ERROR 


CONDITION/HT:  PRESTRAIN 

FORM:  1.60"TH  FORGING 

SPECIMEN  TYPE:  CCP 
ORIENTATION: 

FREQUENCY:  0.  17  H2 

ENVIRONMENT:  +1200“  F,  AIR 


AK  (MPA  Vm) 

4  10  40  100 


4  10  40  100 


4  10  40  100 

AK  (KSI  N/In) 


YIELD  STRENGTH:  169.  1  KSI 
ULT.  STRENGTH:  236.  5  KSI 
SPECIMEN  THK:  0.  288 " 
SPECIMEN  WIDTH:  0.722" 
REFERENCES:PW002 


2 
^  -o 

10  TO 
"D 


4  10  ^ 

AK  (KSI  v/m) 


Figure  5.8.3.22 


5.8-47 


T/SBLE  5. 9. 3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 9. 3.1  INDICATING  EFFECT 


OF  FREQUENCY 


MATERIAL:  NICKEL  BASE  INIOO  P/ 

CONDITION:  2050F  2HR  OQ.  1600F  . 67HR 
24HR  AC.  14 OOF  4HR  AC 

ENVIRONMENT:  +1200F.  AIR 

M-G 

AC. 1200F 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

D 

F=15  MIN  HOLD 

o 

d 

H 

I 

u. 

F(HZ)=  0.33 

F(HZ)*  20.  00 

TRAPEZOIDAL 

A:  24.  49 

463. 

DELTA  KB:  13.  36 

7.  57 

MIN  C:  13.  44 

2.  78 

D:  15.  92 

4.  25 

16.  00 

9.  13 

7.  49 

4.  27 

20.  00 

26.  9 

18.  5 

6.  16 

25.  00 

485. 

58.  6 

34.  1 

10.  6 

30.  00 

773. 

87.  5 

49.  2 

17.  4 

35.  00 

1226. 

114. 

64.  3 

26.  2 

40.  00 

1915. 

157. 

81.  4 

35.  9 

50.  00 

4412. 

60.  00 

9530. 

70.  00 

19994. 

80.  00 

40505. 

90.  00 

63096. 

A:  97.  60 

64557. 

DELTA  KB:  43.  75 

214. 

MAX  C:  46.  90 

112. 

D:  46.  70 

47.  6 

ROOT  MEAN  SQUARE 

31.  42 

15.  26 

17.  71 

24.  67 

PERCENT  ERROR 

LIFE  0.  0-0  5 

PREDICTION  0.  5-0.  8 

RATIO  0.8-1.25 

SUMMARY  1.25-2  0 

(NP/NA)  >2  0 


fj-w  ^  S 


2050F  2HR  OQ,  1600F  .  67HR  AC.  1200F 
CONDITION/HT:  24HR  AC.  1400F  4HR  AC 

FORM:  DISK  YIELD  STRENGTH:  158.  2  KSI 

SPECIMEN  TYPE:  WQL  ULT.  STRENGTH:  176.9  KSI 

ORIENTATION:  C-R  SPECIMEN  THK:  0.  500" 

STRESS  RATIO:  +0.  05  SPECIMEN  WIDTH:  2.  500" 

ENVIRONMENT:  +1200"  F.  AIR  REFERENCES:PW004 


AK  (MPA  v/m) 

4  10  40  100 

I  'T'MI'I - 1  '  I  '  I ' 

FREQUENCY  =  15  MIN.  ^ 
HOLD  -  TRAPEZOIDAL  A 


4  10  40  100 

I  '  T'  I'I'I - r  '  I  '  I'I'f 

FREQUENCY  (Hz)  =  0.  33 


4  10  40  100 

AK  (KSI  v/m) 


AK  (MPA  •v/m) 

4  10  40  1C 

I  '  I  '  IM’I - 1  '  I  '  MI'l 

FREQUENCY  (Hz)  =  0.  01 


10'^ 

10 

10'’ 

10 

10'^ 

10 

10® 

10' 

10° 

10 

® 

10’ 

10 

10'^ 

10 

10-^ 

10 ' 

10“ 

10 

10® 

io‘ 

10° 

10 

10* 

4  10  40  K 

I  '  I  '  I  MM  I  '  I  '  I  M'l 
FREQUENCY  (Hz)  =  20.  00 


4  10  40  1( 

AK  (KSI  v/m) 


NICKEL 

BASE 


IN  100 
P/M-G 


Figure  5.9.3. 1 


FAriCDE  CRACK  GROWTH  RATE  AT  DEPINED  LEVELS  OF  THE  STRESS-INTENSITY  FACTOR 


TAliLt;  5.10.3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 . 10. 3 . 1  INDICATING  EFFECT 

OF  FREQUENCY 


MATERIAL;  NICKEL  BASE  NASA  I IB  -7  P/M 

CONDITION:  1650F  16HRS  TO  2000F  IHR  OQ.  1400F  16HRS  AC 

ENVIRONMENT;  +1200F.  AIR 


DELTA 

K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

F=15  MIN  HOLD 
TRAPEZOIDAL 

F(HZ)=  0.33 

A: 

13.  30 

315. 

DELTA 

K 

B; 

14.  67 

4.  87 

MIN 

C; 

D: 

16.  00 

1303. 

5.  96 

20.  00 

3573. 

15.  8 

25.  00 

6526. 

35.  6 

30.  00 

10084. 

60.  3 

35.  00 

16495. 

92.  6 

40.  00 

30610. 

137. 

50.  00 

313, 

A: 

45.  77 

74742. 

DELTA 

K 

B: 

51.  24 

483. 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  5 
0.  5-0.  8 
0.  8-1.  25 
1.  25-2.  0 
>2.  0 


5.10-2 


CQNDITIQN/HT: 

1650F  16HRS  TO  2000F 

IHR  OQ.  1400F  16HRS  AC 

NICKEL 

FQRM:  1.  75" 

TH  DISK 

YIELD  STRENGTH:  208.  6  KSI 

BASE 

SPECIMEN  TYPE; 

WOL 

ULT.  STRENGTH:  257.  1  KSI 

QRIENTATIQN:  C 

-R 

SPECIMEN  THK:  0.  500" 

STRESS  RATIQ: 

+0.  05 

SPECIMEN  WIDTH:  2.  500" 

NASA 

ENVIRONMENT. 

+1200“  F,  MR 

REFERENCES:  PW004 

[IB-7  P/ 

AK  (MPA  v^) 

4  10  40  100 

I'  '  I  'T'l'l - 1  '  111 'I 'I'" 

FREQUENCY  =  MIN. 


4  10  40  100 

I'M  'Tl'I - 1  '  I  'l'l'l" 

FREQUENCY  (Hz)  = 


4  10  40  100 

AK  (KSI  \/ln) 


AK  (MPA  Vrn) 
4  10  4 


1  4  10 

^  1  ’T’  I  MM - T" 

"  FREQUENCY  (Hz)  = 


Figure  5.10.3.1 
5.10-3 


4  10  ^ 

AK  (KSI  >/m) 


10’ 

10'^  ^ 

U 

u 

z 

■O 

lO"*  w 

TD 

10® 

o 

O 

10’ 

10’^  ^ 

O 

>. 

O 

10-' 1 

2 

^  -O 

10  TO 

'O 

10® 

10® 

MATERIAL:  NICKEL  BASE  RENE  95  (H?<F> 

CONDITION:  2000F  IHR,  SQ  AT  lOOOF,  1400F  16HRS 


CONDITION/HT:  2000F  IHR,  SQ  AT  1000F.  1400F  16HRS 


FORM:  1.23‘’TH  FORGING 

SPECIMEN  TYPE:  KB  BAR 
ORIENTATION  C-R 
•  STRESS  RATIO:  -►0.05 
•FREQUENCY:  0.33  HZ 


AK  (MPA  Vm) 

4  10  40  100 

I  'I'M  l"'l - 1  '  I  'J'i'l — ^ 

ENVIRONMENT:  ■►1200“  F.  —  10° 
AIR  = 


4  10  40  100 


4  10  40  100 

AK  (KSI  y/iri) 


YIELD  STRENGTH:  171.  0  KSI 
ULT,  STRENGTH: 

SPECIMEN  THK:  0.250" 
SPECIMEN  WIDTH:  0.600" 
REFERENCES;GE001 


'i^ure  5.1], 3.1 


5.11-3 


4  10  ^ 

AK  (KSI  v^) 


NICKEL 

BASE 


RENE  95 
CH&F) 


-y..- •• 


■- 


S  V 


TABLti  5.11.3.2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5.11.3.2  INDICATING  EFFECT 

OF  ENVIRONMENT 

MATERIAL;  NICKEL  BASE  P/M  RENE  95 

CONDITION;  2030F  IHR  AC,  1600F  IHR  AC,  1200F  24HRS  AC 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  (10**-6  IN.  /CYCLE) 


A 

B 

C 

E=  R.  T. 

E=+1200F 

E=+1200F 

LAB  AIR,  .  33HZ 

AIR,  . 33HZ 

AIR,  5  MIN 

A 

16.  68 

.  216 

DELTA 

K 

B 

17,  22 

.  840 

MIN 

C 

28.  18 

59.  5 

D 

20.  00 

.  394 

2.  61 

25.  00 

1.  60 

7.  87 

30.  00 

5.  29 

13.  8 

103. 

35.  00 

11.  8 

19.  9 

250. 

40.  00 

18.  9 

27.  2 

413. 

50.  00 

27.  6 

54.  1 

1093. 

60.  00 

132. 

2403. 

70.  00 

4006. 

80.  00 

8368. 

A 

56.  41 

55.  2 

DELTA 

K 

B 

63.  62 

192. 

MAX 

C 

80.  21 

8535. 

D 

ROOT  MEAN 

SQUARE 

24.  24 

27.  95 

7.  78 

PERCENT  ERROR 


LIFE 

0.  0-0. 

5 

PREDICTION 

0.  5-0. 

8 

-,r‘  RATIO 

0.  8-1. 

25 

;  SUMMARY 

1.  25-2. 

0 

!*•'.  (NP/NA) 

>2 

0 

5.11-4 


.  -1 


CONDITION/HT  2080F  IHR  AC.  1600F  IHR  AC.  1200F  24HRS  AC 
FORM:  2.  50"TH  DISK  YIELD  STRENGTH:  165.  7  KSI 

SPECIMEN  TYPE:  CCP  ULT.  STRENGTH:  228.  6  KSI 

ORIENTATION  C-R  SPECIMEN  THK:  0.080" 

STRESS  RATIO:  +0.00  SPECIMEN  WIDTH:  2.000" 

FREQUENCY:  REFERENCES:GE008 


AK  (MPA  -v/m) 


AK  (MPA  Vrn) 


ENVIRONMENT:  R- 
LAB  AIR,  .  33HZ 


4  10  40  100 

T“’”rTFl - 1  'i'J'i'l 

iNVIRONMENT:  +1200®  F. 
AIR.  5  MIN  HOLDTIME 


ENVIRONMENT: +1200“  F 
AIR,  .  33HZ 


10° 

10' 

10’ 

10'^ 

10' 

10-^ 

10  ‘ 

io“ 

10' 

10° 

io‘ 

10' 

10° 

io‘ 

4  10 

I'M  MI'I - 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  v/ln) 

Figure  5.11.3.2 


4  10 

AK  (KSI  >/Tn) 


5.11-5 


TABLE  5.11.3.3 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 . 11 . 3 . 3  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  NICKEL  BASE 
CONDITION;  2080F  IHR  AC* 


P/M  RENE  95 

1600F  IHR  AC,  1200F  24HRS  AC 


DELTA  K 
(KSI*IN**l/2) 

A 

E=+1200F 
AIR,  . 33HZ 

DA/DN  (10**-6  IN. 

B 

E=+1200F 

AIR,  5  MIN  HOLD 

A 

15.  06 

.  236 

DELTA  K  B 
MIN  C 

D 

24.  98 

16.  00 
20.  00 

.  531 

5.  00 

107. 

25.  00 

20.  1 

107. 

30.  00 
35.  00 

44.  5 

82.  4 

406. 

A 

36.  31 

96.  2 

DELTA  K  B 
MAX  C 

D 

33.  95 

2226. 

ROOT  MEAN 

SQUARE 

15.  59 

28.  98 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  5 
0.  5-0.  8 
0.  8-1.  25 
1.  25-2.  0 
>2.  0 


5.11-6 


CONDITION/HT:  2080F  IHR  AC,  1600F  IHR  AC.  1200F  24HRS  AC 
FORM:  2.  50"TH  DISK  YIELD  STRENGTH:  185.  7  KSI 

SPECIMEN  TYPE:  KB  BAR  ULT.  STRENGTH:  22B.  6  KSI 

ORIENTATION  C-R  SPECIMEN  THK:  0.250" 

STRESS  RATIO:  ■►0. 00  SPECIMEN  WIDTH:  0. 600" 

FREQUENCY:  REFERENCES:GE00S 


NICKEL 

BASE 


P/M 

RENE  95 


AK  (MPA  v/m) 

4  10  40  100 

I  '  I  '  I'l'l - 1  ^  . 

ENVIRONMENT:  +1200"  F,  —  iqO 
AIR,  .33HZ  = 


4  10  40  100 


4  10  40  100 

AK  (KSI  -s/m) 


AK  (MPA  Vrn) 

4  10  40  10: 

I  M 'I'l'l — I  I  I  'j'rr 

ENVIFtONMENT:  •►1200"  F, 
AIR.  5  MIN  HOLDTIME 


Figure  5.11.3.3 


5.11-7 


10‘  ^ 


lO"*  ^ 

■D 


4  10  40  10 


10  ^ 


10'“  1 
•D 


4  10  40  10 

AK  (KSI  v/Tn) 


. 


TABLE  5.11.3.4 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5. 11. 3. 4  INDICATING  EFFECT 

OF  ENVIRONMENT 

MATERIAL:  NICKEL  BASE  P/M  RENE  95 

CONDITION:  20a0F  IHR  AC,  i600F  IHR  AC,  1200F  24HRS  AC 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  (10**-6  IN.  /CYCLE) 


A 


B 


C 


:  AIR 

A:  19.  55  : 

DELTA  K  B:  17.82  . 

MIN  C: 

D: 

20.  00  : 

25.  00  : 

30.  00  : 

35.  00  : 

40.  00  : 

50.  00  : 

60.  00  ; 

70.  00  : 

A:  76.  15  : 

DELTA  K  B:  51.  58  : 

MAX  C; 

D: 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


E=+1200F 

E=+1200F 

-  .  02HZ 

ARGON  -  .  33HZ 

3.  45 

1.  29 

4.  03 

1. 

94 

14.  8 

3. 

71 

33.  9 

5. 

95 

61. 3 

9. 

11 

97.  0 

14. 

0 

200. 

35. 

3 

369. 

662. 

948. 

41. 

3 

11.  36  24.  59 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 

RATIO  0.8-1.25  1 

SUMMARY  1.  25-2.  0 
<NP/NA)  >2  O 


CONDITION/HT:  2080F  IHR  AC.  1600F  IHR  AC.  1200F  24HRS  AC 


FORM:  2.  50"TH  DISK 

SPECIMEN  TYPE;  CCP 
ORIENTATION  C-R 
STRESS  RATIO  ■►0.  00 
FREOUENCY; 


YIELD  STRENGTH:  165.  7  KSI 
ULT  STRENGTH:  228.  6  KSI 
SPECIMEN  THK  0.  080" 
SPECIMEN  WIDTH:  2.  000" 
REFERENCES:GE000.  GE004 


5.11-9 


TABLt  5.11,3.5 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 . 11 . 3 . 5  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  NICKEL  BASE  P/M  RENE  95 

CONDITION:  2100F  IHR,  SQ  AT  lOOOF.  1600F  IHR,  1200F  24HRS,  AC 


DELTA  K 
(KSI*IN**l/2) 


DELTA  K  B: 
MIN  C: 
D: 


DELTA  K  B: 


12.  70 


E=+1200F 


2.  95 


13.  00 

3.  24 

16.  00 

6.  16 

20.  00 

9.  97 

25.  00 

17.  0 

30.  00 

31.  2 

35.  00 

58.  7 

40.  00 

110. 

50.  00 

179. 

56.  60 

708. 

DA/DN  (10**-6  IN.  /CYCLE) 
B  C 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


24.  46 


LIFE  0.  0-0.  5 

PREDICTION 

0.  5-0.  8 

RATIO 

0.  8-1.  25 

SUMMARY 

1.  25-2.  0 

(NP/NA) 

>2.  0 

5.11-10 

CONDITION/HT:  2100F  IHR,  SQ  AT  1000F  1600F  IHR.  1200F  24HRS 


FORM:  1.00"TH  DISK 

SPECIMEN  TYPE:  KB  BAR 
ORIENTATION  C-R 
STRESS  RATIO:  +0.  05 
FREQUENCY:  0.  33  HZ 


10  40 

K  (KSI  >/Tn) 


YIELD  STRENGTH:  176.  1  KSI 
ULT,  STRENGTH: 

SPECIMEN  THK:  0.250" 
SPECIMEN  WIDTH:  0.  600" 
REFERENCES;GE001 


10° 

(D 

10^ 

10  ’ 

10° 

10  ^ 

10^ 

10'^ 

i 

10" 

lO"* 

10® 

10'^ 

10’^ 

10’° 

10® 

10° 

® 

10^ 

10’ 

10° 

10'^ 

10^ 

10-^ 

10® 

lO'* 

10® 

10'^ 

10'^ 

10‘° 

10® 

gure 

5.11.3.5 

5.11-11 

• 

lAbLL  5.12.3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 . 12 . 3 . 1  I NDI CAT I NG  EFFECT 

or  ENVIRONMENT 


MATERIAL:  NICKEL  BASE  WASPALOY 

CONDITION: 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  (10-in(-6  IN.  /CYCLE) 
ABC 


E=+1200F 

AIR 


E=+1200F 

ARGON 


DELTA  K 
MIN 


A 

B 

C 

D 


DELTA 

MAX 


A 

K  B 
C 
D 


14. 

91 

5. 

71 

33. 

32 

18. 

2 

16. 

00 

6. 

28 

20. 

00 

9. 

44 

25. 

00 

15. 

3 

30. 

00 

22. 

6 

35. 

00 

29. 

8 

21. 

9 

40. 

00 

29. 

8 

50. 

00 

35. 

3 

35. 

87 

31. 

0 

59. 

56 

42. 

8 

ROOT  MEAN  SQUARE  2.  05  9.  70 

PERCENT  ERROR 


LIFE  O.  0-0.  5 

PREDICTION  0.  5-0.  8 

RATIO  0.8-1.25 

SUMMARY  1.25-2  O 

(NP/NA)  >2  0 


5. 12-6 


CONDITION/HT: 

FORM: 

SPECIMEN  TYPE.  CT 
ORIENTATION  C-R 
STRESS  RATIO:  +0.  05 
FREQUENCY:  0.  33  HZ 


AK  (MPA  v/m) 

4  10  40  100 


ENVIRONMENT:  +1200"  F, 
AIR 


4  10  40  100 


4  10  40  100 

AK  (KSI  >/m) 


YIELD  STRENGTH:  154.  0  KSI 
ULT.  STRENGTH:  199.  2  KSI 
SPECIMEN  THK:  0.250-  0.452" 

SPECIMEN  WIDTH: 
REFERENCES:PW006 


AK  (MPA  Vrn) 

4  10  40  1 


ENVIFiONMENT: +1200"  F 
ARGON 


4  10  40  1 


4  10  40 

AK  (KSI  nAh) 


F i<juro  ‘j .  1 .  i .  1 


10’^  ^ 


2 

•D 

lO'"  TO 
•D 


10'^  -J 


10'“  TO 


TABLli  5.12.3.2 


MATERIAL:  NICKEL  RASE 
CONDITION: 

ENVIRONMENT:  +  800F. AIR 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 . 12 . 3 . 21 NDI CATI NG  EFFECT 

OF  STRESS  RATIO 
CKEL  RASE  WASPALOY 


DELTA  K 
(KSI*IN**i/2) 


DELTA  K  B 
MIN  C 
D 


DELTA  K  E 
MAX  C 
D 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0  5 
0.  5-0,  8 
0.  8-1.  25 
1.  25-2  0 

:-  2.  0 


■•'.sV-  v‘ •• 


A 

R=-l.  00 


7.  42 


DA/DN  (10**-6  IN.  /CYCLE) 


R=-0.  50 


9.  14 


5.12-8 


R=h  0.  05 


15. 

16 

1. 

67 

lb. 

44 

1. 

37 

21. 

55 

3.  81 

16. 

00 

2. 

16 

20. 

00 

4. 

87 

5. 

56 

25. 

00 

8. 

78 

9. 

24 

5.  56 

30. 

00 

14. 

1 

14. 

5 

8.  66 

35. 

00 

23. 

3 

13.  7 

40. 

00 

23.  2 

37. 

90 

32. 

1 

31. 

61 

18. 

5 

41. 

48 

27.  5 

CONDITION/HT: 

FORM;  1.60"TH  FORGING 
SPECIMEN  TYPE;  CCP 
ORIENTATION; 

FREQUENCY;  0.  17  HZ 

ENVIRONMENT;  800"  F,  AIR 


YIELD  STRENGTH;  154.  0  KSI 
ULT  STRENGTH;  199.2  KSI 
SPECIMEN  THK;  0.  297-  0.  303" 

SPECIMEN  WIDTH:  0.996-  0.997' 

REFERENCES:PW001 


AK  (MPA  -s/m) 

4  10  40  100 


4  10  40  100 

I'M  I'I'I - 1  '  I  '  I'I'I  ■ 

STRESS  RATIO  =  +0.  05 


4  10  40  100 

AK  (KSI  vAn) 


AK  (MPA  \/rn) 
4  10  4 


10° 

(D 

10  ' 

10' 

10'^ 

10' 

10'^ 

io' 

10'' 

10 

10° 

io' 

10'° 

10' 

io' 

4  10 

r  '  I '  I'I'I — 

STRESS  RATIO 


Fif;ure  5.12.3.2 


4  10 

AK  (KSI  v^) 


5.12-9 


TAULt  5.12.3.3 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 . 12 . 3 . 3  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  NICKEL  BASE 
CONDITION: 

ENVIRONMENT:  +  800F. AIR 


WASPALOY 


DELTA  K 
(KSHf-IN**l/2) 


R=+0.  50 


DA/DN  (10**-6  IN.  /CYCLE) 


R=+0.  80 


DELTA  K  B 
MIN  C 
D 


15.  92 
A.  02 


7.  00 

8.  00 
9.  00 

10.  00 
13.  00 
16.  00 
20.  00 
25.  00 


3.  93 


3.  96 
5.  93 
10.  3 


A:  28.  39 


DELTA  K  B: 


lA.  a 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


22.  36 


5.12-10 


CONDITION/HT. 

FORM;  1.60"TH  FORGING 
SPECIMEN  TYPE:  CCP 
ORIENTATION: 

FREQUENCY:  0.  17  HZ 

ENVIRONMENT:  +  800“  F.  AIR 


AK  (MPA  v/m) 

4  10  40  100 


4  10  40  100 


4  10  40  100 

AK  (KSI  >/Tn) 


YIELD  STRENGTH:  154.  0  KSI 
ULT  STRENGTH:  199.  2  KSI 
SPECIMEN  THK:  0.  300" 

SPECIMEN  WIDTH:  0.  995-  0.  998" 

REFERENCES:PW001 


AK  (MPA  vTiT) 

4  10  40  100 


STRESS  RATIO  =  +0.  80 


HI 

I 

I 

I 

I 


4  10  40 


I 

I 

I 

I 

I 


Figure  5.12.i.i 


5.12-1.1 


4  10  40 

AK  (KSI  \/Tn) 


NICKEL 

BASE 


WASPALO 


10'^ 


lO  "* 


10'^ 


lO"'*  ^ 

*D 


TAiiLh  5.12.3.4 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5.12.3.4  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  NICKEL  BASE 
CONDITION: 

ENVIRONMENT:  +1200F, AIR 


WASPALOY 


DELTA  K 

DA/DN  <10**-6 

IN.  /CYCLE) 

{KSHHN**i/2) 

A 

B 

C 

R=-l.  00 

R=-0.  50 

R^+0.  05 

A 

11.  63 

2.  52 

DELTA 

K 

B 

17.  29 

7.  33 

MIN 

C 

23.  34 

11.6 

D 

13.  00 

3.  66 

16.  00 

6.  50 

20.  00 

10.  8 

9.  57 

25.  00 

17.  1 

11.  4 

13.  6 

30.  00 

25.  5 

20.  4 

35.  00 

29.  8 

40,  00 

44.  8 

A 

31.  47 

28.  5 

DELTA 

K 

B 

27.  24 

18.  7 

MAX 

C 

43.  07 

58.  7 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


O.  0-0.  5 
0.  5-0,  8 
0.  8-1.  25 
1.  25-2.  0 


5.12-12 


-  •  -  •  -  •  -  "v  ■j"'*  -  ■  -  '  -  V  ■  -  ■  -  ■  '  ■  ^  k'N  -  . 


t-" 


CONDITION/HT; 

FORM:  1.60‘'TH  FORGING 

SPECIMEN  TYPE:  CCP 
ORIENTATION: 

FREOUENCY:  0.  17  HZ 

ENVIRONMENT:  1200“  F.  AIR 


YIELD  STRENGTH:  154.  0  KSI 
ULT.  STRENGTH:  199.2  KSI 
SPECIMEN  THK:  0.  298-  0.  301 " 

SPECIMEN  WIDTH:  0.  997-  0.  998" 

REFERENCES:PW001 


NICKEL 

BASE 


WASPALOM 


TAbLL  5.12.3.5 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 . 13 , 3 . 5  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL;  NICKEL  BASE  WASPALOY 

CONDITION: 

ENV I RONMENT :  -♦  1 200F  >  A I R 

DELTA  K 

DA/DN  (10*«~6  IN.  /CYCLE) 

(KSI»IN«*l/2) 

A  B  C  D 

R=+0.  10  R=+0.  55  R=+0.  80 

A 

11.  S3 

2.  23 

DELTA  K  B 

MIN  C 

5.  59 

.  994 

D 

6.  00 

1.  33 

7.  00 

2.  07 

S.  00 

2.  68 

9.  00 

3.  22 

10.  00 

3.  84 

13.  00 

3.  36 

16.  00 

6.  69 

20.  00 

12.  4 

25.  00 

20.  4 

30.  00 

28.  4 

35.  00 

42.  4 

40.  00 

66.  1 

50.  00 

95.  8 

A 

51.  07 

94.  1 

DELTA  K  B 

MAX  C 

11.  87 

5.  72 

D 

ROOT  MEAN 

SQUARE 

13.  15  0.  00  7.  13 

PERCENT 

ERROR 

LIFE  0.  0-0  D 

PREDICTION  0,  5-0  B 

RATIO  0.  B-1  25  2  1 

SUMMARY  1.25-2  0 

(NP/NA)  >2  0 


CONDITION/HT: 

FORM:  1.60"TH  FORGING 

SPECIMEN  TYPE:  CCP 
ORIENTATION: 

FREQUENCY:  0.  17  HZ 

•'•V  ENVIRONMENT:  +1200“  F.  AIR 


AK  (MPA  -v/m) 

4  10  40  100 


4  10  40  100 

I  '  I  '  I'I'I - 1  ■'  I  'ITT  ■ 

STRESS  RATIO  =  +0.  80 


4  10  40  100 

AK  (KSI  v/Tn) 


YIELD  STRENGTH:  154.  0  KSI 
ULT  STRENGTH:  199.  2  KSI 
SPECIMEN  THK:  0.287-  0.300" 

SPECIMEN  WIDTH:  0.973-  0.998’ 

REFERENCES:PW001 


AK  (MPA  \/m) 

4  10  40 


STRESS  RATIO  =  +0.  55 


10° 

10 

10’ 

10  ^ 

10 

10'^ 

10 

10'“ 

10 

10'^ 

io‘ 

10 

10° 

10* 

4  10  40 

”1"'  I '  iM'i — 

STRESS  RATIO  = 


Figure  5.12.3.5 
5.12-15 


4  10  40 

AK  (KSI  -s/iri) 


NICKEL 

BASE 


WASPALO'i 


.N  -  .s.*.  ... 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  5.12.3.6  INDICATING  EFFECT 

OF  ENVIRONMENT 

MATERIAL:  NICKEL  BASE  WASPALOY 

CONDITION: 


DELTA  K 
<KSI-tIN*«l/2) 


DELTA  K  E 
MIN  C 
D 


AIR 


21.  55 
23.  34 


E=+  800F 


3.  81 


DA/DN  (10**-6  IN.  /CYCLE) 
B  C 


E=-+1200F 


AIR 


11.6 


25.  00 

5.  56 

13.  6 

30.  00 

8.  66 

20.  4 

35.  00 

13.  7 

29.  B 

40  00 

23.  2 

44.  8 

A: 

41.  48 

27.  5 

DELTA  K  B: 

43.  07 

58.  7 

MAX  C: 

D: 

ROOT  MEAN 

SQUARE 

2.  64 

3.  65 

E^+1350F 

AIR 


PERCENT  ERROR 


0.  00 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 

RATIO  0.8-1.25  1  1 

SUMMARY  1.25-2.0 
(NP/NA)  >2  0 


5.12-16 


CONDITION/HT: 

FORM:  1.60"TH  FORGING 

SPECIMEN  TYPE:  CCP 
ORIENTATION 
STRESS  RATIO:  +0.  05 
FREQUENCY:  0.  17  HZ 


AK  (MPA  -v/m) 

4  10  40  100 

I  '  I  '  I'l'l - 1  'i'JTI — =^1  , 

ENVIRONMENT:  800“  F.  —  io° 

AIR  = 


4  10  40  100 

I  I  1 1  iipj  -  I  M 'I'nr" 
ENVIRONMENT:  ♦1350"  F, 
AIR 


4  10  40  100 

AK  (KSI  >/m) 


YIELD  STRENGTH:  154.  0  KSI 
ULT.  STRENGTH:  199.  2  KSI 
SPECIMEN  THK.  0.301-  0.303" 

SPECIMEN  WIDTH:  0.996-  0.998' 

REFERENCES:PW001 


AK  (MPA  Vm) 

4  10  40  1 


ENVIRONMENT: +1200“  F 
AIR 


4  10  40 


Figure  5.12.3.6 


4  10  40 

AK  (KSI  ■s/m) 


NICKEL 

BASE 


WASPALO 


10'''  ^ 


10'^ 


10'*  1 
TD 


5.12-17 


TAfciLt:;  5.12.3,7 


m 


i 

S 


A 


k.y. 


fc':; 


K'^.< 


m 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


MATERIAL;  NICKEL  BASE 
CONDITION: 

ENV I RONMENT :  + 1 200F , A I R 


DATA  ASSOCIATED  WITH  FIGURE  5.12.3.7  INDICATING  EFFECT 

OF  STRESS  RATIO 
WASP ALOV 


DELTA  K 
<KSI*IN**l/2) 


A 

R  =  +0.  10 


DA/DN  (10**-6  IN.  /CYCLE) 
B  C 

R==+0.  BO 


D 


MIN 


DELTA  K 
MAX  C 
D 


A 

16.  66 

1.  93 

B 

6.  75 

.  761 

C 

D 

7.  00 

.  801 

a.  00 

.  947 

9.  00 

1.  10 

10.  00 

1.  28 

13.  00 

2.  43 

16.  00 

20.  00 

3.  98 

25.  00 

7.  43 

30.  00 

11.  0 

35.  00 

15.  1 

40.  00 

20.  4 

A 

42.  08 

23.  2 

B 

14.  64 

3.  92 

ROOT  MEAN  SQUARE 


14.  93 


PERCENT  ERROR 

LIFE 

0.  0-0  5 

PREDICTION 

0.  5-0  8 

RATIO 

0.  8-1.  25 

SUMMARY 

1.  25-2.  0 

(NP/NA) 

>2  0 

7.  70 


5.12-18 


CONDITION/HT: 

FORM:  1.60"TH  FORGING 

SPECIMEN  TYPE:  CT 
ORIENTATION:  C-R 
FREQUENCY:  20.  00  HZ 

ENVIRONMENT:  •♦■1200'’  F.  AIR 


YIELD  STRENGTH:  154.  0  KSI 
ULT.  STRENGTH:  199.2  KSI 
SPECIMEN  THK:  0.300-  0.500" 

SPECIMEN  WIDTH:  2.  503-  2.  518' 

REFERENCES:PW001 


NICKEL 

BASE 


WASPALO 


10'  5 
(J 

>S 

u 

,0-3  E 


10“'  1 
■D 


AK  (KSI  -v/Tn) 

AK  (KSI  -vAn 

F  i  i’ll  ro  “j  .  1  J  .  ! .  / 

10'^  ^ 


10  (5 

■o 


TAbLL  5.12.3.8 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FI CURE  5 . 12 . 3 . 8  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  NICKEL  BASE  WASPALOY 

CONDITION: 

ENVIRONMENT:  +1350F,AIR 


DELTA  K 
(KSI*IN*«l/2) 


R=+0.  10 


DA/DN  (10-in»— 6  IN.  /CYCLE) 
B  C 


A 

31.  69 

19.  0 

DELTA  K  B 

MIN  C 

D 

35.  00 

24.  5 

40.  00 

39.  1 

50.  00 

89.  5 

60.  00 

138. 

A 

60.  02 

138. 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 

1 1,  96 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


O.  0-0.  5 
0.  5-0,  a 
0.  8-1  25 
1.  25-2.  O 
>2.  0 


5.12-20 


CONDITION/HT: 

FORM;  1.60"TH  FORGING 
SPECIMEN  TYPE:  CT 
ORIENTATION:  C-R 
FREQUENCY: 

ENVIRONMENT:  -*-1350“  F.  AIR 


AK  (MPA  -v/m) 

4  10  40  100 


4  10  40  100 

I  '  I  '  I'm - 1  '  I  '  I'MI 

STRESS  RATIO  - 


4  10  40  100 

AK  (KSI  -sAnl 


YIELD  STRENGTH:  154.  0  KSI 
ULT.  STRENGTH:  199.  2  KSI 
SPECIMEN  THK:  0.  299-  0.  300" 

SPECIMEN  WIDTH:  2.504-  2.511 

REFERENCES:PW001 


AK  (MPA  -v/m) 
I  10  4 


10° 

(D 

10' 

10  ’ 

10  ^ 

10 

lo" 

10'^ 

lO"* 

10' 

10^ 

io‘ 

10' 

4  10 

I'M  I '  PI - 

STRESS  RATIO  = 


4  10 

I  '  I '  I'MI — r 

STRESS  RATIO  = 


4  10  40 

AK  (KSI  v/^) 


M  ,[U  rt-  j  .  1  2  .  1 .  -S 


NICKEL 

BASE 


WASPALO 


10'^  ^ 


z 
.  ■o 
10  ra 

ID 


10  "* 

■D 


TABLL  5.12.3.9 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  F IGURE  5 . 12 . 3 . 9  INDICATING  EFFECT 


or  ENVIRONMENT 


MATERIAL:  NICKEL  BASE 
CONDITION: 

WASPALOY 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

<KSHHN**1  /2) 

A  B 

C 

E=+  800F  E=+1200F 

E=+1350F 

AIR 

AIR 

AIR 

A:  19.  79 

1. 24 

DELTA 

K  B; 

MIN 

C:  23.  76 

17.  5 

D: 

20.  00 

1.  29 

25.  00 

2.  69 

19.  0 

30.  00 

4.  53 

22.  5 

35.  00 

7  38 

24.  1 

40.  00 

10.  3 

25.  8 

50.  00 

11.8 

34.  3 

A:  57.  73 

21.  1 

DELTA 

K  B: 

MAX 

C:  56.  57 

47.  4 

D: 

ROOT 

MEAN  SQUARE 

i-fc 

• 

o 

p 

o 

o 

10.  70 

PERCENT  ERROR 

LIFE  0.  0-0  5 

PREDICTION  0.  5-0  8 

RATIO  0.  8-1  25  1  1 

SUMMARY  1.25-2.0 
(NP/NA)  >2  O 


CONDITION/HT: 

FORM:  1.80"TH  FORGING 

SPECIMEN  TYPE:  CT 
ORIENTATION  C-R 
STRESS  RATIO:  •*•0.  05 
FREQUENCY:  0.  17  HZ 


AK  (MPA 

4  10  40  100 

I'M  Pi'l - 1  ii'J'i'I 

ENVIRONMENT:  ♦  800"  F, 
AIR 


0^ 


4  10  40 

AK  (KSI  v/Tn) 


YIELD  STRENGTH:  154.  0  KSI 
ULT.  STRENGTH:  lOS.  2  KSI 
SPECIMEN  THK:  0.  102-  0.107" 

SPECIMEN  WIDTH:  2.  403-  2.  505" 

REFERENCES:PW001 


AK  (MPA  -v/m) 

4  10  40  1 


4  10  40  100 

I'M  I'I'I  I  '  I'l'l'l  „ 

ENVIRONMENT:  -►1350®  F,  —  10° 
AIR  = 


ENVIRONMENT:  -^1200"  F 
AIR 


Figure  5.12.3.9 


5.12-2; 


4  10  _ 40 

AK  (KSI  v'  in) 


4  10  40  1 


NICKEL 

BASE 


WASPALO 


TAbLt  5.12.3.10 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURES .  12 . 3 . 10  INDICATING  EFFECT 

OF  ENVIRONMENT 

MATERIAL:  NICKEL  BASE  WASPALOY 

CONDITION: 


DELTA  K 
(KSI*IN«-*l/2) 


DA/DN  (10**-6  IN.  /CYCLE) 

ABC 

E=+  800F  E=+  BOOF 

AIR  AIR 

SP.  THK.  =,  104"  SP.  THK.  =.  29B- 

.  499" 


A 

DELTA  K  B 
MIN  C 
D 


A 

DELTA  K  B 
MAX  C 
D 


19. 

79 

1. 

24 

17. 

25 

1. 

46 

20. 

00 

1. 

29 

3. 

33 

25. 

00 

2. 

69 

6. 

27 

30 

00 

4. 

53 

9. 

39 

35. 

00 

7. 

40 

13. 

3 

40. 

00 

10. 

3 

19. 

0 

50. 

00 

11. 

8 

33. 

1 

57. 

73 

PJ 

o 

9 

58. 

47 

59. 

7 

ROOT  MEAN  SQUARE  11.38  17.47 

PERCENT  ERROR 


LIFE  0.  0-0.  D 

PREDICTION  0.  5-0.  8 

RATIO  0.8-1.25  1  3 

SUMMARY  1.25-2.0 


CONDITION/HT: 

FORM:  1.  60"TH  FORGING 

SPECIMEN  TYPE:  CT 
ORIENTATION  C-R 
STRESS  RATIO  -*-0.  05 
FREQUENCY:  0.  17  HZ 


YIELD  STRENGTH:  154.  0  KSI 
ULT.  STRENGTH:  199.  2  KSI 
SPECIMEN  THK:  0.  104-  0.499" 

SPECIMEN  WIDTH:  2.  486-  2.  505" 

REFERENCES:PW001 


NICKEL 

BASE 


10 


AK  (MPA  v/m) 

4  10  40  100 


10 


.•3 


u  lU 
c 

2 

10 

TO 

•D 


-5 


10 


10 


10 

© 


,-8 


=  1  '  1  '  I'I'I  1  '  Pi  MM  ^ 

-  ENVIRONMENT:  000*^  F.  — 

AIR  = 

~  SP.  THK. -.  104" 

— 

— 

— 

: 

— 

— 

/ 

— 

— 

_ 1 _ t,  1.1 1,1, h, 

_ [■■L.i-Lliil 

-r 

-dio  ’ 


10' 


10 


^10 


-^10' 


-4^0 


10 


40  100 


-2 


10 


lO-’ 

5 

o  lo'' 
c 

2 

10 

(0 

•o 


-5 


.-6 


10 


10' 


10 


=  1  '  1  '  1  'T'l  1  '  1  '  I'I'I  ^ 

-  ENVIRONMENT:  — 

— 

— 

-:z 

— 

1  1  1  1  1 1 1 1 

_ 1 _ 1  1  1  1 1  li 

10 


10' 


10’ 


10' 


10 


10" 


10 


•3 


10 


1-6 


4  10  40  100 

AK  (KSI  vAn) 


® 


10 


10 


10 


10' 


10 


AK  (MPA  v/m) 

4  10  40  100 


10 


,-7 


i0 

® 


,-0 


=  1  'J’T’Tn  1  '  1  M'I'I  ^ 

-  ENVIFIONMENT:  800"  F.  — 
AIR  ^ 

SP.  THK.  -.  298-.  499" 

— 

““ 

-i: 

: 

y 

_ 1 _ L- 1 

_ i _ 1  1  i  J  J  li. 

(J 

o 

-3  E 

E 


WASPALOM 


10 


40  100 


.2 


10 


10' 


10 


10 


10 


10 


10 


,-8 


_  'I -1-p mil  1  1  1  M'I'I 

-  ENVIRONMENT:  — 

— 

— 

— 

— 

-r; 

— 

— 

1  .1.1.1. 

1  .  1  1  111. 

10' 


10 


10  ’ 


10^  ^ 

(J 

S' 

<J 


10 


3  E 


2 

•D 

10"*  re 
•D 


10 


10 


Figure  5.12.3.10 


1  4  10  40  100 

AK  (KSI  >/m) 


5.12-25 


‘lAbLLi  5.12.3.11 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 . 12 . 3  .  llINDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  NICKEL  BASE 
CONDITION: 

WASPALOY 

DELTA  K 

DA/DN  (10*-»-6 

IN.  /CYCLE) 

<KSI«IN**l/2) 

A 

B 

C 

E=+  800F 

E=+1200F 

AIR 

AIR 

A:  20.  94 

2.  96 

DELTA  KB:  16.  66 

1.  93 

MIN  C: 

D: 

20.  00 

3.  98 

25.  00 

4.  45 

7.  43 

30.  00 

6.  72 

11.  0 

35.  00 

9.  60 

15.  1 

40.  00 

13.  3 

20.  4 

A:  46.  62 

19.  9 

DELTA  KB:  42.  08 

23.  2 

MAX  C: 

D: 

ROOT  MEAN  SQUARE 

5.  52 

14.  93 

PERCENT  ERROR 

LIFE  0.  0-0  5 

PREDICTION  0.  5-0.  8 

RATIO  0.8-1.25  1  2 

SUMMARY  1.25-2  0 

(NP/NA)  >2  0 


CONDITION/HT: 

FORM:  1.  60"TH  FORGING 

SPECIMEN  TYPE:  CT 
ORIENTATION  C-R 
STRESS  RATIO:  +0.  10 
FREQUENCY:  20.  00  HZ 


AK  (MPA  V?n) 

4  10  40  100 

I  '  I  '  I  'I'l - I'M  'J'i'l — 

ENVIRONMENT  +  800'*  F.  —  in® 
AIR  = 


4  10  40  100 


4  10  40  100 

AK  (KSI  -s/m) 


YIELD  STRENGTH:  154.  0  KSI 
ULT.  STRENGTH:  199.  2  KSI 
SPECIMEN  THK:  0.  302-  0.  500" 

SPECIMEN  WIDTH:  2.  508-  2.  518" 

REFERENCES:PW001 


AK  (MPA  -s/rn) 

4  10  40  100 


ENVIFiONMENT: +1200**  F 
AIR 


4  10  40  100 


Figure  5.1,2.3.11 


5.12-27 


4  10  40 

AK  (KSI  -s/iri) 


NICKEL 

BASE 


WASPALO 


lO"'*  I 

■D 


•D 

lO  "*  TO 
•o 


.*•  .N 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  5 . 12. 3 , 12  INDICAT ING  EFFECT 


OF  FREQUENCY 


MATERIAL:  NICKEL  BASE  WASPALDY 

CONDITION: 

ENVIRONMENT:  +1200F,  AIR 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN»*l/2) 

A 

B 

C 

F(HZ)=  0.  17 

F(H2)=  0.  33 

F(HZ)=  20.  00 

A:  17.  60 

6.  23 

DELTA  K  B:  29.  22 

17.  0 

MIN  C:  18.78 

3.  64 

D: 

20.  00 

8.  79 

4.  36 

25.  00 

13.  4 

7.  38 

30.  00 

19.  4 

18.  6 

10.  6 

35.  00 

31.  4 

27.  4 

14.  6 

40.  00 

34.  3 

19.  9 

50.  00 

49.  5 

60.  00 

82.  0 

70.  00 

169. 

A:  37.  21 

40.  8 

DELTA  KB:  76.  26 

299. 

MAX  C:  44.  85 

27.  2 

D: 

ROOT  MEAN  SQUARE 

5.  03 

8.  60 

4.  94 

PERCENT  ERROR 

LIFE  0.  0-0.  D 

PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


1 


1 


2 


CONDITION/HT: 

FORM:  1.60"TH  FORGING 

SPECIMEN  TYPE:  CT 
ORIENTATION:  C-R 
STRESS  RATIO:  +0.  05 
•  ENVIRONMENT:  +1200“  F.  AIR 


YIELD  STRENGTH:  154.  0  KSI 
ULT.  STRENGTH:  199.  2  KSI 
SPECIMEN  THK:  0.  432-  0.  753" 

SPECIMEN  WIDTH:  2.  502-  2.  519" 

REFERENCES:PW001 


AK  (MPA  Vm) 
4  10  4 


4  10 


5.12.3.12 


12-29 


4  10  ' 

AK  (KSI  v/Tn) 


NICKEL 

BASE 


WASPAL01 


10'^  ^ 


10"*  ^ 


10'^ 


z 

•D 

10^  TO 
"D 


TABLE  5.12.3.13 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 . 12 . 3 . 131 NDICATING  EFFECT 

OF  FREQUENCY 


MATERIAL:  NICKEL  BASE 
CONDITION: 

ENVIRONMENT:  h 1200F, AIR 

DELTA  K 
(KSI*IN*»l/2) 


WASPALOY 


DA/DN  (lO**- 6  IN. /CYCLE) 


A 


B 


C 


F(HZ)=  F(HZ)=  r(HZ)= 

F=2  MIN  HOLD  F=5  MIN  HOLD  F=l5  MIN  HOLD 
TRAPEZOIDAL  TRAPEZOIDAL  TRAPEZOIDAL 


D 


A:  23.  74 

DELTA  KB:  44. 65 

MIN  C:  23.  65 

D: 

25.  00 
30.  00 
35.  00 
40.  00 
50.  00 
60.  00 
70.  00 
SO.  00 


13.  1 

172 

21.  8 

37.  5 

63.  4 

96.  5 

215. 

477 

491. 

361 

1259 

17.  2 


25.  1 
71.  3 
145. 
245. 
563. 
1195. 
2595. 
5946. 


A 

DELTA  K  B 
MAX  C 

D 

67.  17  : 
78.  46  : 
84.  43  : 

544. 

2633 

B/49 

ROOT  MEAN 
PERCENT 

SQUARE 

ERROR 

12.  50 

10.  08 

16.  05 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0  3 
0.  5-0  8 
0.  8-1  25 
1 .  25-2.  0 
;:  2  0 


3 


* 


CONDITION/HT: 

FORM:  1.60‘'TH  FORGING 

SPECIMEN  TYPE:  CT 
ORIENTATION:  C-R 
IvV^TRESS  RATIO.  +0.  05 

ENVIRONMENT:  +1200"  F,  AIR 


AK  (MPA  y/m) 

4  10  40  100 


YIELD  STRENGTH:  154.  0  KSI 
ULT  STRENGTH:  199.  2  KSI 
SPECIMEN  THK:  0.  316-  0.  422" 

SPECIMEN  WIDTH:  2.  504-  2.  509' 

REFERENCES:PW001 


AK  (MPA  v/m) 

4  10  40  100 


FREQUENCY  =  2  MIN.  HOLD 
TRAPEZOIDAL  WAVEFORM 


4  10  40  100 

I  I  '  I'l'l - [  '  I  '  I'I'l - 

FREQUENCY  =  15  MIN.  HOLD' 
TRAPEZOIDAL  WAVEFORM  _ 


FREQUENCY  =  3  MIN,  HOLD 


4  10  40  100 

AK  (KSI  >/7n)  Figure  5.12.3.13 

5.12-31 


10''’  1 
n 


4  10  40  1( 


10  ^ 


lO"  1 

■D 


4  10  40  11 

AK  (KSI  s/Tnl 


TAHLK  5.12.3.14 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FI CURE  5 . 12 . 3 . 141 NDI CAT ING  EFFECT 

OF  FREQUENCY 


MATERIAL;  NICKEL  BASE  WASPALOY 

CONDITION; 

ENVIRONMENT;  +1200F.  AIR 


DELTA  K 

DA/DN  (10*#-6 

IN.  /CYCLE) 

(KSHs-IN**l/2) 

A 

B 

C 

F<HZ)^  0.01 

F(HZ)=  0.  17 

F(HZ)=-  20. 

A;  21.41 

13.  6 

DELTA 

K  B;  16.  71 

7.  03 

MIN 

C;  16.  66 

2.  24 

D; 

20.  00 

10.  4 

3.  71 

25.  00 

20.  9 

17.  1 

7.  90 

30.  00 

31.  4 

25.  1 

11.  1 

35.  00 

45.  6 

33.  6 

14.  2 

40.  00 

69  5 

41.  5 

20.  9 

A.  45.  95 

127. 

DELTA 

K  B;  42.  17 

44.  6 

MAX 

C;  42.  OS 

26.  1 

D; 

ROOT 

MEAN  SQUARE 

8.  12 

8.  21 

13.  97 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0,  5-0.  8 

RATIO  O.  e-i  25  1  1  2 

SUMMARY  1.25-2  0 
(NP/NA)  >2  0 


5.12-3 


CONDITION/HT: 

FORM  1.60‘'TH  FORGING 
SPECIMEN  TYPE  CCP 
ORIENTATION  C-R 
STRESS  RATIO  +0.  10 
ENVIRONMENT  +1200“  F.  AIR 


YIELD  STRENGTH:  154.  0  KSI 
ULT  STRENGTH:  199.2  KSI 
SPECIMEN  THK  0.  299-  0.  500" 

SPECIMEN  WIDTH  0.  998-  2.  518" 

REFERENCES:PW001 


AK  (MPA  y/m) 

4  10  40  100 

I  '  I '  Mi'i — r  '  I '  I ' I '1 

FREQUENCY  (Hz)  =  0.  01 


4  10  40  100 


FREQUENCY  (Hz)  =  20.  00 


4  10 


4  10  40  100 

AK  (KSI  N/Tn)  Figure  5.i:.3.l4 


4  10 

AK  (KSI  v^) 


5. 12-)3 


lAbLL  5.12.3.15 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 . 12 . 3 . 15l NDI CAT ING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  NICKEL  BASE  WASPALOY 

CONDITION:  1850F  2HRS,  1350F  6HRS<FINE  GS. SMALL  PRECIPITATES) 
ENVIRONMENT:  R.  T.  ,  LAB  AIR 


DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI*IN**l/2) 

ABC 

R=+0.  10 

A:  27.  75 

1.  09 

DELTA  K  B: 

MIN  C: 

D: 

30.  00 

1.  38 

35.  00 

2.  76 

40.  00 

■'I.  53 

50.  00 

10.  7 

A.  53.  11 

14.  5 

DELTA  K  B: 

MAX  C: 

D: 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE  O.  0-0.  D 

PREDICTION  0.  5-0  8 
RATIO  0.  8-1  25 

SUMMARY  1.  25-2  0 
(NP/NA)  >2  0 


5.12-34 


s  s 


TAbLL  5.12.3.16 


__  FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 

OF  STRESS  INTENSITY  FACTOR 

•  ■  DATA  ASSOCIATED  WITH  F I CURE  5 . 12 . 3 . 16  I NDI CAT I NG  EFFECT 


OF  STRESS  RATIO 


MATERIAL;  NICKEL  BASE  WASPALOY 

CONDITION:  1850F  2HR,  1600F  24HR(FINE  GS.  LARGE  PRECIPITATES) 
ENVIRONMENT;  R.  T.  ,  LAD  AIR 


DELTA  K 
(KSI*IN*»i/2) 


DA/DN  (10«*-6  IN.  /CYCLE) 
ABC 


D 


R--+0.  10 


A 

25.  47 

1.  02 

DELTA 

K 

B 

MIN 

C 

D 

30.  00 

2.  33 

35.  00 

4.  39 

40.  00 

7.  12 

A 

45.  09 

10.  8 

DELTA 

K 

E 

MAX 

C 

D 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 

3.  40 

CONDITION/HT  1850F  2HR.  1600F  24HRCFINE  GS.  LARGE  PRECIPITATES^ 


FORM  1.  10‘'TH  BILLET 
SPECIMEN  TYPE  CT 
ORIENTATION 

FREQUENCY  10.00  HZ 
ENVIRONMENT  R.  T.  ,  LAB  AIR 


YIELD  STRENGTH  111.5  KSI 
ULT  STRENGTH:  228.0  KSI 
SPECIMEN  THK  0.  125” 
SPECIMEN  WIDTH:  1.250" 
REFERENCES:UC001 


AK  (MPA  v/TtT) 

4  10  40  100 


AK  (MPA  -v/rn) 
4  10  4 


4  10  40  100 

I  '  PTM'I - 1  '  I  '  I'l'l 

STRESS  RATIO  = 


=  1  '  1 '  I'l'l 
~  STRESS  RATIO  - 

— 

_ j 

1  1  1  i  l.li 

_ 

1  4  10  4 

=  I  '  I '  I'l'l — 

“  STRESS  RATIO  = 


410  40  1 00  1 

AK  (KSI  \/Tn)  Fieure  5.12.1.16 


4  10  4 

AK  (KSI  v^) 


TABU.  5.12.3.17 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5.12.3.i:^NDICATING  EFFECT 

OF  FREQUENCY 


CONDITION/HT  1875F  4HRS  OQ,  1550F  4HRS  AC.  1400F  4HRS  AC 

FORM:  disk  YIELD  STRENGTH  153.  7  KSI 

SPECIMEN  TYPE:  WOL  ULT  STRENGTH:  199.  7  KSI 

ORIENTATION:  C-R  SPECIMEN  THK:  0.  500" 

STRESS  RATIO  f0.  05  SPECIMEN  WIDTH:  2.  500" 

ENVIRONMENT:  •*•1200“  F.  AIR  REFERENCES:PW004 


AK  (MPA  -v/m) 

4  10  40  100 


FREQUENCY  (Hz)  =  0.  33 


4  10  40  100 


AK  (MPA  -^/m) 

4  10  40  10 


FREQUENCY  (Hz)  -  20.  00 


4  10  40  1 


FREQUENCY  (Hz) 


4  10  40  100 

AK  (KSI  's/Tn)  Fii’ure  5.12.  3.17 


5.12-39 


4  10  40  1 

AK  (KSI  vAn) 


NICKEL 

BASE 


WASPALO 


lABLt  5.12.3.18 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  5 . 12 . 3 . 18INDICAT I NG  EFFECT 

OF  FREQUENCY 


MATERIAL:  NICKEL  BASE  WAGPALOY 

CONDITION:  1875F  4HRS  OQ,  1550F  4HRS  AC,  1400F  4H 
RS  AC 

ENVIRONMENT:  •<  I200F,  AIR 


DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

F=2  MIN  HOLD 

F=5  MIN  HOLD 

F=15  MIN  HOLD 

TRAPEZOIDAL 

TRAPEZOIDAL 

TRAPEZOIDAL 

A:  24.  46 

14.  4 

DELTA  KB.  46.  10 

371. 

MIN  C:  24.  76 

14.  5 

D: 

25.  00 

15.  9 

15.  5 

30.  00 

33.  8 

47.  5 

35.  00 

59.  1 

105. 

40.  00 

92.  8 

191. 

50.  00 

196. 

443. 

478. 

60.  00 

383. 

938. 

1008. 

70.  00 

734. 

1069, 

2007. 

80.  00 

1410. 

1951. 

3939. 

90.  00 

7765. 

A:  81.  37 

1544. 

DELTA  K  B:  82.36 

2544. 

MAX  C:  95.  27 

11155. 

D: 

ROOT  MEAN  SQUARE 

41.  89 

26,  98 

33.  21 

PERCENT  ERROR 

LIFE  0.  0-0.  D 

PREDICTION  0.  5-0.  B 

RATIO  0.8-1.25 

SUMMARY  1.25-2  O 

(NP/NA)  >2  0 


5.12-40 


TABLH;  5.12.3,19 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURES. 12, 3. 19  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL;  NICKEL  BASE  WASPALOY 

CONDITION:  2010F  2HR,  1350F  6HR (COARSE  GS,  SMALL 

PRECIPITATES) 

ENVIRONMENT:  R.  T.  , LAB  AIR 

DELTA  K 
(KSI*IN**l/2) 

DA/DN  (10**- 6 

A  B 

IN. /CYCLE) 

C 

D 

R  =+0.  10 

A 

DELTA  K  B 
MIN  C 

D 

43.  83 

1.  29 

50.  00 
60.  00 
70.  00 

2.  84 

10.  1 

20.  3 

A 

DELTA  K  B 
MAX  C 

D 

70.  45 

20.  8 

ROOT  MEAN  SQUARE  13.  73 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 
RATIO  0.  8-1  25 

SUMMARY  1.25-2  0 
(NP/NA)  >2.  0 


5.12-Ai 


TAdLK  5.12.3.20 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURES.  12.3 .20  INDICATING  EFFECT 

OF  STRESS  RATIO 

MATERIAL;  NICKEL  BASE  WASPALOY 

CONDITION:  2010F  2HR,  1600F  24HR (COARSE  GS.  LARGE 


DA/DN  (10**-6  IN.  /CYCLE) 
E  C 


PRECIPITATES) 

ENVIRONMENT:  R.  T.  ,  LAB  AIR 

DEl.TA  K 

(KSI*IN»*l/2) 

A 

R  =  +0.  10 

A 

DELTA  K  B 
MIN  C 

D 

30.  90 

.  993 

35.  00 

1.  66 

40.  00 

3.  19 

50.  00 

9,  65 

60.  00 

25.  5 

A 

DELTA  K  B 
MAX  C 

0 

62.  77 

32.  9 

ROOT  MEAN 

SQUARE 

7.  17 

PERCENT  ERROR 


CONDITION/HT:  2010F  2HR.  1600F  24HR  CCOARSE  GS,  LARGE  PRECIPITATES) 


FORM:  1.  18"TH  BILLET 

SPECIMEN  TYPE;  CT 
ORIENTATION: 

STRESS  RATIO:  10.00  HZ 
ENVIRONMENT:  R.  T.  ,  LAB  AIR 


AK  (MPA  v/m) 

4  10  40  100 


4  10  40  100 


4  10  40  100 

AK  (KSI  y/m) 


YIELD  STRENGTH:  96.  5  KSI 
ULT.  STRENGTH:  227.  5  KSI 
SPECIMEN  THK.  0.125" 
SPECIMEN  WIDTH:  1.  250" 
REFERENCES:  UC001 


AK  (MPA  y/m) 
4  10  4 


4  10 


F i  ;::ure  5  .  1  ^  .  J  .  20 


4  10  ' 

AK  (KSI  v^) 


NICKEL 

BASE 


WASPALO 


Table  5.13 


REFERENCES  FOR  THE  NICKEL  BASE  ALLOY  DATA 


60578  Inconel  718  K^, 

Christian,  J,L.,  Yang,  C.T.,  and  Witzeil,  W.E.,  ’’Phvsical  and  Mechanical 
Properties  ot  Pressure  Vessel  Materials  for  Application  in  a  Cryrogenic 
Environment."  ASD-TDR-62-258 ,  Part  III,  General  Dynamics/Astronautics, 
December  1964. 

38187  Inconel  718 

"Inconel  718  Test  Data  of  September  19,  1973,"  Shultz  Steel  Company, 
South  Gate,  CA. ,  September  1.  1973. 

38579  Inconel  718  da/dN 

"B“l  Program  da/dN  Data  for  Aluminum  Alloys,"  Rockwell  International 
Corporation;  Memorandum  to  H.D.  Moran  from  E.W.  Cawthorne,  Battelle's 
Columbus  Laboratories,  April  3,  1974. 

88700  Inconel  718  Kjscc 

Gilbreath,  W.P.,  and  Adamson,  M.J.,  '*The  Stress  Corrosion  Susceptibility 
of  Several  Alloys  in  Hydrazine  Fuels,’*  NASA  Technical  Note,  Report 
NASA  TN  D-7604,  Ames  Research  Center,  Moffett  Field.  CA.,  February  1974. 

GEOOl  Inconel  "18  da/dN 

P/M  Rene  95  da/dN 

Shanini,  V.  and  Popp,  H.G. ,  "Evaluation  of  Cyclic  Behavior  of  Aircraft 
Turbine  Disk  Alloys,’*  General  Electric,  Evendale,  Ohio,  Contract  No. 
NAS3-20368,  Report  No.  NASA-CR-1 59433 ,  June  1978. 

GE004  P/M  Rene  95  da/dN 

"Argon  Environment  Testing,’*  Thermal-Mechanical  Crack  Propagation 
Program;  Data  Sheets  sent  from  M.S.  Gilbert,  General  Electric  Co., 
Evendale,  Ohio,  Contract  No.  F336 I 5-77-C-51 93 ,  November  1980. 

GE005  Inconel  718  da/dN 

"Fatigue  Crack  Growth  Rate  Data  on  Inconel  718  Using  Kg  Bar  Specimens 
from  the  TF34  OTA  Effort;"  Data  sent  from  M.S.  Gilbert,  General 
Electric  Co.,  Evendale,  Ohio,  October  1982, 

CE008  Inconel  718  Ja/dN 

P/M  Rene  95  da/dN 

Doraas,  P.A.,  "Crack  Propagation  Under  Thermal  Mechanical  Cycling," 
General  Electric  Co.,  Aircraft  Engine  Group,  Evendale,  Ohio,  Contract 
No.  F336 1  5-7 7-0-51 93 ,  November  1979, 

HD003  Inconel  600  da/dN 

James,  L.A.,  "Fatigue  Crack  Propagation  Behavior  of  Inconel  600," 
International  Journal  of  Pressure  Vessels  and  Piping,  Vol.  5.  241-259. 
1977. 

HD005  Inconel  625  da/dN 

James.  L.A.,  "The  Effect  of  Temperatures  uoon  the  Fatigue  Crack 
Prooagation  Behavior  of  Inconel  625."  Report  HEDL-TME  77-2.  Westinghouse 
Hanford  Co.,  Richland,  WA,,  March  1977. 

HD015  Inconel  718  da/dN 

lames,  L.A.,  "Fatigue  Crack  Propagation  R^-havior  of  Inconel  ’18," 

Report  HEDL-TME  75-80  Vestlnghouse  Han  ^  Co.,  Richland,  VA., 

September  1975, 


5.1J-1 


Table  5.13  (Continued) 


HD016  Inconel  ’18  da/dN 

Mills,  W.J.,  and  James,  L.A.,  "Effect  of  Heat  Treatment  on  Elevated 
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James,  L.A.,  "The  Effect  of  Product  Form  Upon  the  Fatigue-Crack 
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Science  and  Metallurgical  Engineering,  Tnlversitv  .if  Cincinnati, 
December  1980. 
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TABLE  6.1. 3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.1. 3.1  INDICATING  EFFECT 

OF  STRESS  RATIO 

MATERIAL;  ALLOY  STEEL  AF1410 

CONDITION;  1525F  IHR  AC,  -lOOF  IHR  AC.  950F  5HRS 
AC 

ENVIRONMENT;  R.  T  ,  LAB  AIR 
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CONDITION/HT:  1525F  IHR  AC.  -100F  IHR  AC,  950F  5HRS  AC 
FORM:  4.  25"TH  ROUND  BAR  YIELD  STRENGTH: 209.  0-  222.0  KSI 

SPECIMEN  TYPE:  WOL  ULT.  STRENGTH:  243.  0-  247.0  KSI 

ORIENTATION:  L-T  SPECIMEN  THK:  0.  499-  0.  506" 

FREQUENCY:  0.10-  30.00  HZ  SPECIMEN  WIDTH:  2.989-  3.006" 

ENVIRONMENT:  R.  T.  .  LAB  AiR  REFERENCES:MA004 
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Figure  6 . 1 . 3 . 1 
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TABLE  6.1. 3.2 


FATIGUE  CRACl^  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 1.3.2  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL; 

ALLOY  STEEL  AF1410 

CONDITION 

1525F  IHR  AC.  -lOOF  IHR  AC.  950F  5HRS 

AC 

ENVIRONMENT:  R.  T. 
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CONDITION/HT:  1525F  IHR  AC.  -100F  IHR  AC.  950F  5HRS  AC 
FORM:  4.  25"TH  ROUND  BAR  YIELD  STRENGTH:21 1.  0-  221.0  KSI 

SPECIMEN  TYPE;  WOL  ULT.  STRENGTH:  243.  0-  249.0  KSI 

ORIENTATION;  T-L  SPECIMEN  THK.  0.498-  0.506" 

FREQUENCY:  0.  10-  30.00  HZ  SPECIMEN  WIDTH:  2.979-  2.995" 

ENVIRONMENT:  R.  T.  .  LAB  AIR  REFERENCES:MA004 
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Figure  6.1. 3. 2 
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FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 1. 3. 3  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL;  ALLOY  STEEl-  AF1410 

CONDITION:  1525F  IHR  AC.  -lOOF  IHR  AC,  950F  5HRS 
AC 


ENVIRONMENT;  R.  T. 

>  LAB  AIR 
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CONDITION/HT:  1525F  IHR  AC,  -100F  IHR  AC.  950F  5HRS  AC 


FORM;  4.  50"TH  ROUND  BAR 
SPECIMEN  TYPE:  WOL 
ORIENTATION:  L-T 
FREOUENCY:  0.  10-  30.  00  HZ 

ENVIRONMENT:  R.  T.  .  LAB  AIR 


YIELD  STRENGTH:  212.  0  KSI 
ULT.  STRENGTH:  240.  0  KSI 
SPECIMEN  THK:  0.501" 

SPECIMEN  WIDTH:  2.981-  2.983" 

REFEREMCES:MA004 


TABLE  6.1. 3. 4 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 1.3. 4  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  ALLOY  STEEL  AF1410 

CONDITION;  1525F  IHR  AC,  -lOOF  IHR  AC,  950F  5HRS 
AC 

ENVIRONMENT:  R.  T.  ,  LAB  AIR 
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CONDITION/HT:  1525F  IHR  AC.  -100F  IHR  AC.  950F  5HRS  AC 
FORM:  4.  50"TH  ROUND  BAR  YIELD  STRENGTH: 21 4.  0  KSI 

SPECIMEN  TYPE:  WOL  ULT.  STRENGTH:  243.  0  KSI 

ORIENTATION:  T-L  SPECIMEN  THK:  0.500-  0.505" 

FREOUENCY:  0.  10-  30.00  HZ  SPECIMEN  WIDTH:  2.983-  2.984’ 

ENVIRONMENT:  R.  T.  .  LAB  AIR  REFERENCES:MA004 
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Figure  G . 1 .  1.4 


CONDITION/HT  1650F  IHR  WQ.  1500F  IHR  WQ.  950F  5HRS  AC 
FORM;  1.75‘*TH  PLATE  YIELD  STRENGTH: 234.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  248.  1  KSI 

ORIENTATION  L-T  SPECIMEN  THK:  0.997-  0.998  " 

STRESS  RATIO:  ^-0.  08  SPECIMEN  WIDTH:  4.940" 

FREOUENCY:  REFERENCES;RI001 
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Figure  6.2. 3.1 


TABLE  6. 2. 3. 2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.2. 3.2  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL  AF1410< VIM-VAR ) 

CONDITION;  1650F  IHR  WQ,  1500F  IHR  WQ.  950F  5HRS 
AC 


DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE 

(KSI*IN*'»l/2) 

A 

B 

C 

E=-  65F 

E=  R.  T. 

E=  R.  T. 

AIR 

LAB  AIR 

3.  57.  NACL 

30H2 

1-30HZ 

1-30HZ 

A 

11.  30 

.  684 

DELTA  K 

B 

9.  31 

.  575 

MIN 

C 

15.  28 

2.  78 

D 

10.  00 

.  711 

13.  00 

.  947 

1.  45 

16.  00 

1.  53 

2.  40 

3.  09 

20.  00 

2.  55 

3.  95 

4.  97 

25.  00 

4.  23 

6.  37 

7.  57 

30.  00 

6.  33 

9.  36 

10.  5 

35.  00 

8.  85 

13.  0 

14.  0 

40.  00 

11.  8 

17.  5 

18.  1 

50.  00 

29.  3 

29.  5 

60.  00 

46.  5 

47.  1 

70.  00 

71.  1 

74.  5 

80.  00 

106. 

90.  00 

154. 

A 

49.  56 

18.  3 

DELTA  K 

B 

93.  58 

176. 

MAX 

C 

70.  51 

76.  2 

D 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


4.  10 


9.  36 


16.  05 


CONDITION/HT  1650F  IHR  WO.  1500F  IHR  WQ.  g50F  5HRS  AC 
FORM:  1.75-TH  PLATE  YIELD  STRENGTH: 234.  0-  240.0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  247.  8-  258.  2  KSI 

ORIENTATION  T-L  SPECIMEN  THK:  0.997-  1.002" 


ALLOY 

STEEL 


Figure  6 . 2 . 3 . 2 


TABLE  6. 2. 3. 3 


ll 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  6.2. 3. 3  INDICATING  EFFECT 

OF  ENVIRONMENT 

MATERIAL;  ALLOY  STEEL  AF1410{ VIM-VAR ) 

CONDITION;  1650F  IHR  WQ,  1500F  IHR  WQ.  950F  5HRS 
AC 


DELTA 

K 

DA/DN  (10**-6 

IN. /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

E=  R.  T. 

E=  R.  T. 

LAB  AIR 

3.  5‘/.  NACL 

10-30H2 

1-30HZ 

A; 

8.  38 

.  683 

DELTA  K 

B; 

19.  33 

5.  72 

MIN 

C; 

D; 

9.  00 

.  035 

10.  00 

1.  11 

13.  00 

2.  11 

16.  00 

3.  36 

20.  00 

5.  35 

6.  03 

25.  00 

a.  40 

8.  95 

30.  00 

12.  1 

12.  9 

35.  00 

16.  6 

18.  9 

40.  00 

22.  0 

25.  5 

50.  00 

36.  1 

37.  8 

60.  00 

56.  1 

A; 

68.  03 

77.  7 

DELTA  K 

B; 

56.  41 

52.  5 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE  0.  0-0  5 

PREDICTION 

0.  5-0  8 

RATIO 

0.  8-1  25 

SUMMARY 

1.  25-2.  0 

(NP/NA) 

>2  0 

CONDITION/HT  1650F  IHR  WQ,  1500F  IHR  WQ.  950F  5HRS  AC 
FORM;  1.75"TH  PLATE  YIELD  STRENGTH; 234.  0  KSI 

SPECIMEN  TYPE;  CT  ULT  STRENGTH;  247.  8  KSI 

ORIENTATION  T-L  SPECIMEN  THK;  0.998" 

STRESS  RATIO;  +0.30  SPECIMEN  WIDTH;  4-940" 

FREQUENCY;  REFERENCES;RI001 
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Figure  6 . 2 . 3 . 3 
6.2-7 


N 


TABLt  6.3. 3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  6. 3. 3.1  INDICATING  EFFECT 

OF  environment 


•  *  « 


i 


4* 


MATERIAL:  ALLOY  STEEL  A28A 

CONDITION;  1800F,  0.  5-l.OHR,  WQ,  1325F.  16HR,  AC 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  IN.  /CYCLE) 


A 

Q 

C 

D 

E=  R.  T. 

E=+  600F 

E=-+  800F 

E^  +  100( 

LAB  AIR<  3HZ 

AIR,  .  67HZ 

AIR,  .  67HZ 

AIR,  . 6 

A 

14.  92 

.  474 

DELTA  K  B 

15.  hh 

1.  70 

MIN  C 

15.  62 

2.  39 

D 

15.  26 

3.  96 

16.  00 

.  650 

1.  84 

2.  57 

4.  66 

20.  00 

1.  59 

3.  94 

5  01 

8.  86 

25.  00 

3.  43 

7.  96 

9.  68 

14.  7 

30.  00 

6.  09 

13.  9 

16.  7 

21.  6 

35.  00 

9.  79 

22.  2 

26.  6 

30.  5 

40.  00 

14.  9 

33.  8 

40.  1 

42.  8 

50.  00 

31.  5 

A 

53.  03 

41.  2 

DELTA  K  B 

48.  91 

66.  5 

MAX  C 

48.  76 

75  7 

D 

49.  18 

82.  1 

CONDITION/HT:  1800F.  0.  5-1.  0HR,  WQ.  1325F.  16HR.  AC 

FORM:  0.  50-TH  PLATE  YIELD  STRENGTH:  100.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  150.5  KSI 

ORIENTATION  L-T  SPECIMEN  THK:  0.  4B4-  0.487" 

STRESS  RATIO:  05  SPECIMEN  WIDTH:  1.997-  2.001 

FREQUENCY:  REFERENCES:HD006 


AK  (MPA  v/m) 

4  10  40 


AK  (MPA  y/m) 

4  10  40  10 
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AIR.  .  67HZ 
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AIR.  .  07HZ 


4  10  40 

AK  (KSI  N/m) 


Figure  6 . 3 . 3 .  1 


TAULt;  6. 3. 3. 2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 3. 3.2  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL;  ALLOY  STEEL  A2aA 

CONDITION:  1800F,  0.  5-l.OHR,  WQ,  1325F.  l^sHR.  AC 


DELTA  K 

DA/DN  (10-«-*-6 

IN.  /CYCLE) 

(KSI*IN*-iH/2> 

A 

B 

C 

D 

E=  R.  T. 

E=+  600F 

E=+  800F 

E=-HOOOF 

LAB  AIR,  3HZ 

AIR.  .  67HZ 

AIR.  .  67HZ 

AIR.  . 67H 

A 

15.  19 

.  638 

DELTA  K  B 

16.  25 

2.  02 

MIN  C 

16.  59 

1.  93 

D 

15.  89 

6.  04 

16.  00 

.  785 

6.  12 

20.  00 

1.  82 

3.  69 

3.  54 

9.  69 

25.  00 

3.  86 

7.  06 

6.  89 

15.  7 

30.  00 

6.  76 

12.  3 

11.  7 

24.  1 

35.  00 

10.  5 

20.  3 

18.  3 

36.  2 

40.  00 

15.  0 

32.  3 

27.  5 

53.  5 

50.  00 

76.  6 

57.  6 

A 

45.  10 

20.  4 

DELTA  K  B 

52.  49 

94.  0 

MAX  C 

54.  51 

78.  9 

D 

48.  72 

104. 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


4.  62 


5.  51 


6.  21 


3.  93 


CONDITION/HT;  1000F,  0.  5-1.  0HR,  WQ,  1325F,  16HR,  AC 

FORM:  0.  50“ TH  PLATE  YIELD  STRENGTH:  100.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  159.  5  KSI 

ORIENTATION-  T-L  SPECIMEN  THK:  0.486-  0.488" 

STRESS  RATIO:  -^0.  05  SPECIMEN  WIDTH:  1.999-  2.002" 

FREQUENCY:  REFERENCES:HD006 
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Figure  6. 3. 3. 2 


TABLE  6. 3. 3. 3 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 3. 3. 3  INDICATING  EFFECT 

OF  environment 


MATERIAL:  ALLOY  STEEL  A 

CONDITION:  iSOOF,  0.  5-l.OHR 

DELTA  K 
(KSI*IN**l/2) 


DELTA  K  B 
MIN  C 
D 


A: 

DELTA  K  B; 


1325F,  loHR,  AC 


DA/DN  (10**-6  IN.  /CYCLE) 
B  C 


E=+1000F 


200.  00 


ROOT  MEAN 

SQUARE 

PERCENT  ERROR 

LIFE 

0.  0-0  5 

PREDICTION 

0.  5-0.  8 

RATIO 

0.  8-1.  25 

SUMMARY 

1.  25-2.  0 

(NP/NA) 

>2.  0 

CONDITION/HT;  1800F,  0.  5-1.  0HR,  WQ.  1325F.  16HR.  AC 

FORM:  1.50"TH  ROUND  BAR  YIELD  STRENGTH:  136.  4  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  168.3  KSI 

ORIENTATION  R-L  SPECIMEN  THK  0.290" 

STRESS  RATIO:  ■►0.05  SPECIMEN  WIDTH:  1.153" 

FREQUENCY:  0.  67  HZ  REFERENCES:HD006 
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Figure  6 . 3 , 3 . 3 


FATIGUE  CRACK  Q 
OF  STR 


DATA  ASSOCIATED  WITH 


MATERIAL:  ALLOY  STEEL  A2Q6 

CONDITION;  ISOOF,  0.  5-l,OHR,  WQ, 


DELTA  K 
<KSI*IN**l/2) 


A 


E=  R.  T. 
LAB  AIR,  3HZ 


A; 

DELTA  K  B: 

MIN  C; 

D: 

200.  00 


A 

DELTA  K  B 
MAX  C 


D 


ROOT  MEAN  SQUARE  O.  00 

PERCENT  ERROR 


LIFE  O.  0-0.  5 

PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
<NP/NA)  >2.  0 


6. 3. 3. 4 


1325F,  IfcHR,  AC 


DA/DN  (10**-6  IN.  /CYCLE) 

B  C 

E=+  600F 
AIR.  . 67HZ 


CONDITION/HT:  1800F,  0.  5-1.  0HR.  WQ,  1325F,  16HR.  AC 

FORM:  1.50"TH  ROUND  BAR  YIELD  STRENGTH:  138.  4  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  168.  3  KSI 

ORIENTATION  R-C  SPECIMEN  THK:  0.401-  0.403" 

STRESS  RATIO:  -►0.05  SPECIMEN  WIDTH:  0.795-  0.804* 

FREOUENCY:  REFERENCES:HD006 


AK  (MPA  -s/m) 

4  10  40 


AK  (MPA  Vm) 

4  10  40  1 


ENVIRONMENT:  R.  T. 
LAB  AIR,  3H2 


4  10  40 

I  Tin 'Ml — r-r-p 

ENVIRONMENT. 


4  10  40 

AK  (KSI  ^/Tn) 


ENVIRONMENT:  f  600“  F 
AIR.  .67H2 


10° 

ViJ/ 

10’ 

10 

10'^ 

10" 

10'^ 

10" 

lO"* 

10' 

10'^ 

10'* 

10® 

10' 

10'' 

4  10  40  1 

I  '  I  '  I'I'I  I  '  I  '  I  M 
ENVIRONMENT: 


4  10  40  1 

AK  (KSI  v/Tn) 


Figure  6. 3. 3. 4 
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76B  O  39 


1700F  1  HR,  00.  7  00  200.0  2.500  I  000  CT  1  400  0  60  97  70  1972  04277 

nOOF  2^2  HR  7  00  200  O  2  500  I  OOO  CT  t  400  O  74  109  00  1972  04277 

10  00  205  O  2  500  I  000  CT  1  400  O  63  103  OO  1972  04277 


TABLE  6.4. 3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.4. 3.1  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  ALLOY  STEEL  D6AC 

CONDITION;  loSQF  A-BQ  AT  975F;  SQ  AT  375F,  IQOOF 
2+2HR 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  IN.  /CYCLE) 

ABC 


E=  R.  T. 
JP-4  FUEL 
3HZ 


E=  R.  T. 
DIST  H20 
IHZ 


DELTA  K 
MIN 


A 

B 

C 

D 


10.  07 
9.  70 


.  963 


.  930 


10.  00 
13.  00 
16.  00 
20.  00 
25.  00 
30.  00 


1.  83 


.  932 
2.  25 
4.  27 
7.  55 
12.  2 
17.  4 


DELTA 

MAX 


A 
K  B 
C 
D 


14.  40 
30.  90 


3.  49 


18.  3 


ROOT  MEAN  SQUARE  17.  19  14.  86 

PERCENT  ERROR 


LIFE  O.  0-0.  5 

PREDICTION  0.  5-0.  8 

RATIO  0.  8-1.  25  1  1 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  O 


6.4-28 


TABLE  6. 4. 3. 2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFI^4ED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.4. 3.2  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL;  ALLOY  STEEL 
CONDITION:  i650F  A-BQ 
2+2HR 

D6AC 

AT  975F,  SQ  AT  375F,  lOOOF 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A  B 

C 

E=  R.  T. 

:  JP- 

-4  FUEL 

A:  8.  99  ; 

.  241 

DELTA  KB; 

MIN  C; 

D: 

9.  00  : 

.  243 

10.  00  ; 

.  471 

13.  00  ; 

1.  81 

16.  00  ; 

3.  85 

20.  00  . 

6.  36 

A;  24.  55  : 

7.  62 

DELTA  KB: 

MAX  C: 

D: 

ROOT  MEAN  SQUARE 

17.  15 

PERCENT  ERROR 

LIFE  O.  0-0.  5 

PREDICTION  0.  5-0  8 

RATIO  0.  B-1.25  I 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


6.4-30 


CONDITION/HT:  1650F  A-BQ  AT  975F,  SQ  AT  375F.  1000F  2*2HR 

FORM:  1.80"TH  FORGING  YIELD  STRENGTH:  220.  0  KSI 

SPECIMEN  TYPE:  CT  ULT  STRENGTH:  238.0  KSI 

ORIENTATION  L-T  SPECIMEN  THK  -  0.507" 

STRESS  RATIO:  +0.10  SPECIMEN  WIDTH:  2.  500" 

FREOUENCY:  1.  00  HZ  REFERENCES:82543 


AK  (MPA  >/m) 

4  10  40  100 

I  '  I  M'n — I  '''j  I  I'i'i 

ENVIRONMENT:  R.  T.  . 

JP-4  FUEL 


4  10  40  100 

1  '  1 1  I'I'I — I  ■n''T'n“ 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  v/Tn) 


AK  (MPA  Vm) 
I  10  4 


10° 

(D 

10' 

10  ' 

10  ^ 

10 

10'^ 

10 ' 

10“ 

10' 

10'^ 

io‘ 

10' 

10® 

10' 

4  10 

I  M  '  I'I'I — 

ENVIRONMENT 


10° 

10’ 

10 

10'^ 

10' 

10'^ 

10 

io“ 

10 

10® 

10* 

10'° 

10 

i0' 

4  10 

I  '  I  '  I'I'I - 

ENVIRONMENT: 


4  10  ^ 

AK  (KSI  v/Tn) 


F  i'jurc  6.4.  3.2 
6.4-31 


TABLE  6.4.3. 3 


fatigue  crack  growth  rates  at  defined  levels 

OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  6. 4. 3. 3  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL; 

CONDITION 

ALLOY  STEEL 
i650F  A— BQ 
2+2HR 

D6AC 
AT  975F, 

SO  AT  375F,  lOOOF 

DELTA  K 
(KSI*IN**l/2) 

A 

DA/DN  ( 10»*-6 

B 

IN.  /CYCLE) 

C 

JP- 

E=  R.  T. 

4  FUEL 

E=  R.  T. 

DIST  H20 

A 

DELTA  K  B 
MIN  C 

D 

10.  86 
10.  78 

1.  34 

3.  22 

13.  00 
16.  00 
20.  00 

2.  05 

5.  70 

3.  99 

7.  97 

13.  9 

A 

DELTA  K  B 
MAX  C 

D 

19.  86 
22.  37 

18.  8 

40.  5 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 

23.  17 

18.  87 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA> 


0.  0-0.  5 
0.  5-0.  8 
0.  8-1.  25 
1.  25-2.  0 

>2,  O 


1 


1 


CONDITION/HT-  1650F  A-BQ  AT  975F.  SQ  AT  375F,  1000F  2+2HR 

FORM:  1.00‘’TH  FORGING  YIELD  STRENGTH:  220.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  238.0  KSI 

ORIENTATION  L-T  SPECIMEN  THK:  0.506-  0.507 

STRESS  RATIO:  •^■0.  50  SPECIMEN  WIDTH:  2.  500" 

FREQUENCY:  1.  00  HZ  REFERENCES:82543 


AK  (MPA  -v/rn) 

4  10  40 


AK  (MPA  y/m) 
4  10  4( 


ENVIRONMENT:  R.  T. 
JP-4  FUEL 


4  10 

I  'I'l'l'l - 

ENVIRONMENT: 


40  100 


4  10  40  100 

AK  (KSI  \An) 


ENVIRONMENT:  R.  T 
DIST  H20  ■ 


10° 

vs/ 

10’ 

10 

10'^ 

10' 

10'^ 

io‘ 

10" 

10 

10'^ 

10* 

10° 

10' 

io' 

1  4  10  41 

=  I  '  I '  I ‘I'l  I  n 

-  ENVIRONMENT: 


4  10  41 

AK  (KSI  vTn) 


Fiquro  6 . 4 . 3 . 3 


TABLE  6. 4. 3. 4 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.4. 3. 4  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL;  ALLOY  STEEL  D6AC 

CONDITION:  1650F  A-BQ  AT  975F..  SQ  AT  400F,  lOOOF 
2+2HR 

ENVIRONMENT;  R.  T.  ,  LAB  AIR 


DELTA 

K 

DA/DN  (10*-»-6 

IN.  /CYCLE; 

(KSI*IN**l/2) 

A 

B 

C 

R=+0.  10 

R=+0.  50 

A: 

37.  20 

25.  7 

DELTA 

K 

B: 

22.  01 

14.  0 

MIN 

C: 

D: 

25.  00 

14.  0 

30.  00 
35.  00 
40.  00 

28.  5 

21.  7 

50.  00 

65.  2 

A; 

52.  74 

71.  2 

DELTA 

K 

B; 

31.  32 

25.  5 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0,  5 
0.  5-0.  8 
0.  8-1.  25 
1.  25-2.  0 
>2.  0 


6.4-34 


CONDITION/HT:  1650F  A-BQ  AT  975F.  SO  AT  400F.  1000F  2+2HR 
FORM.  0.  80"TH  PLATE  YIELD  STRENGTH.  220.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH;  238.  0  KSI 

ORIENTATION:  L-T  SPECIMEN  THK:  0.690" 

FREQUENCY:  0.10  HZ  SPECIMEN  WIDTH:  1.500" 

ENVIRONMENT:  R.  T.  .  LAB  AIR  REFERENCES:82543 


AK  (MPA  -s/m) 

4  10  40  100 


10 


10 


,-3 


o 


y  lO'* 


c 

Z 


5  10" 
<0 


10 


10 


,•7 


lO* 

© 


10 


■2 


10" 


c 

Z 


5  10" 

ra 

■o 


10 


.-6 


10' 


10 


=  n'lT 

— 

'  1  '  1 ' 

TT 

_  STRESS  RATIO  = 

■^0.  10 

1 

— 

— 

— 

— 

/ 

— 

— 

— 

_ 1 _ 1 _ 1  1  1 1 1 1 

_ 1  1  1.1  111. 

1  4  10 

40 

100 

t  1  '  1  '  IM'I 

— rjTp 

V] 

~  STRESS  RATIO  = 

— 

— 

— 

— 

— 

— 

— 

— 

— 

J-i  111  ill 

_ L  1  1  1  lili 

— 

10' 


10’ 


10' 


10 


■3 


10' 


10 


1-5 


10 


■6 


10" 


10 


10 


10 


■6 


4  10  40  100 

AK  (KSI  s/ln) 


10 


.-2 


10 


,-3 


10 


10 


•5 


10 


10 


10 

® 


10 


10" 


10 


10 


-5 


10 


10 


10 


Fi'juro  6.4.  1.4 
6.4- 


AK  (MPA  y/m) 

4  10  40  100 

=  I  '  I '  I  rpi — r  r"i '  m — 

“  STRESS  RATIO  =  +0.  50  ”= 


— 

— 

— 

— 

— 

- 

— 

— 

— 

_ 1 _ 1  1  1  1 1 1 1 

_ \ _ 1.  ,1  i,  illl, 

E 

I _ I _ _ \ _ I  1  I  lilil 

1  4  10  40  100 


=  T  '  1  '  I'I'I  1  '  1  M'l'l 

“  STRESS  RATIO  = 

E 

— 

— 

: 

— 

— 

— 

— 

— 

— 

— 

1.  -1  1  1  1  hli 

_ 1  ■  1  .111. 

1  4  10  40  100 

AK  (KSI  v/m) 


TABLE  6.4. 3.5 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  U4TENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.4. 3. 5  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  ALLOY  STEEL  D6AC 

CONDITION;  i650F  A-BQ  AT  975F. SQ  AT  400F,  iOOOF 
2+2HR 

ENVIRONMENT:  R.  T.  , LAB  AIR 


DELTA  K 
(KSI*IN*»l/2) 


DA/DN  IN.  /CYCLE) 

ABC 
R=-»-0.  10  R=+0.  50 


A 

19.  32 

2.  28 

DELTA  K  B 

18.  50 

9.  46 

MIN  C 

D 

20.  00 

2.  85  9  29 

25.  00 

8.  21  14.  2 

30.  00 

13.  e 

35.  00 

19.  1 

40.  00 

25.  5 

A 

47.  75 

42.  0 

DELTA  K  B 

26.  21 

16.  8 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

17.  60  11  10 

PERCENT  ERROR 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


O.  0-0.  5 
0.  5-0  8 
0.  8-1.  25 
1. 25-2.  0 
>2.  0 


f, 


A 


>  r 


TABLE  6. 4. 3. 6 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.4. 3.6  INDICATING  EFFECT 

OF  FREQUENCY 


MATERIAL:  ALLOY  STEEL  D6AC 

CONDITION;  1650F  A-BQ  AT  975F.  SQ  AT  400F;  lOGOF 
2+2HR 

ENVIRONMENT:  R.  T.  , DIST  H20 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  (10**-6  IN.  /CYCLE) 


F<HZ )=  0.  10  F<H2)=  1.  00 


DELTA  K  B 
MIN  C 
D 


200.  00 


A 

DELTA  K  B: 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


0  00 


0.  00 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


O.  0-0  5 
0.  5-  0.  8 
0.  8-1,  25 
1.  25-2.  C 
>2.  0 


CONDITION/HT:  1650F  A-BQ  AT  975F.  SQ  AT  400F.  1000F  2+2HR 

FORM;  0.  a0"TH  PLATE  YIELD  STRENGTH.  220.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  238.0  KSI 

ORIENTATION:  L-T  SPECIMEN  THK:  0.750" 

STRESS  RATIO:  +0.  08  SPECIMEN  WIDTH:  5.  000" 

ENVIRONMENT:  R.  T.  .  DIST  H20  REFERENCES. 82543 


AK  (MPA  -v/m)  V^) 


TABLE  6.4. 3.7 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 4. 3. 7  INDICATING  EFFECT 

OF  FREQUENCY 


MATERIAL;  ALLOY  STEEL  D6AC 

CONDITION:  i650F  A— BG  AT  975F.-  SG  AT  400F.-  lOOOF 
2+2HR 

ENVIRONMENT.  R.  T  ,  DRY  AIR 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  (10**-6  IN.  /CYCLE) 


A 


B 


F(HZ)=  0.  10  F(HZ)  = 


1.  00  F(HZ)=  3.  00 


A 

13.  47 

1.  39 

DELTA 

K 

B 

13.  43 

1.  07 

MIN 

C 

13.  52 

1.  11 

D 

16.  00 

2.  79 

2.  45 

2.  59 

20.  00 

5.  56 

5.  24 

5.  43 

25.  00 

9.  39 

8.  84 

8.  61 

30.  00 

13.  3 

12.  2 

11.5 

35.  00 

17.  5 

15.  6 

A 

36.  15 

18.  6 

DELTA 

K 

B 

35.  22 

15.  7 

MAX 

C 

34.  37 

14.  4 

D 

ROOT  MEAN 

SQUARE 

7.  09 

8.  90 

6.  09 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  O.  5-0  8 

RATIO  O.  8-1.  25  1  1 

SUMMARY  1  25-2. 0 
(NP/NA)  >2. 0 


6.4-40 


G.4-4i 


TABLF-;  6.4. 3.8 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.4. 3.8  INDICATING  EFFECT 

OF  FREQUENCY 


MATERIAL:  ALLOY  STEEL  D6AC 

CONDITION;  1650F  A-BQ  AT  975F.-  SQ  AT  400F,  lOOOF 
2+2HR 

ENVIRONMENT;  R.  T.  ,  JP-4  FUEL 


DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN-«-*l/2) 

A 

B 

C 

F(HZ)=  0.  10 

F{H2)=  1.00 

F(HZ)=  3. 

A:  10.  28 

2.  31 

DELTA  K  B:  10.  19 

1.  01 

MIN  C:  9.  80 

.  639 

D: 

10.  00 

.  736 

13.  00 

3.  32 

2.  86 

2.  64 

16.  00 

5.  48 

5.  05 

4.  21 

20.  00 

10.  4 

7.  44 

5.  31 

25.  00 

20.  2 

9.  60 

6.  64 

30.  00 

33.  1 

11.  5 

9.  58 

35.  00 

46.  7 

13.  7 

40.  00 

58.  2 

A;  49.  58 

67.  9 

DELTA  KB;  36.  95 

14.  8 

MAX  C:  34.21 

15.  1 

D; 

ROOT  MEAN  SQUARE 

21.  60 

13.  73 

15.  78 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0,  5-0  8 

RATIO  0.8-1.25  1  1  1 

SUMMARY  1.25-2.0 
(NP/NA)  >2.0 


6.4-42 


TABLE  6.4. 3.9 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.4. 3.9  INDICATING  EFFECT 

OF  FREQUENCY 


MATERIAL:  ALLOY  STEEL  DAAC 

CONDITION:  165QF  A-BQ  AT  975F»  SQ  AT  4QOF.-  lOOOF 
2+2HR 

ENVIRONMENT:  R.  T.  . JP-4  FUEL 


DELTA  K 
(KSI*IN#*l/2) 


DELTA  K  B 
MIN  C 
D 


9.  99 
9.  SO 


10.  00 
13.  00 
16.  00 
20.  00 
25.  00 


DA/DN  (10**-6  IN.  /CYCLE) 


F(HZ)=  0.10  F(HZ)=  1.00  F(HZ>=  3.00 


2.  13 


2.  14 
4.  58 
6.  39 
9.  06 
16.  4 


.  980 


1.  09 

2.  83 
4.  38 
6.  45 

11.  0 


DELTA  K  B 
MAX  C 
D 


29.  90 
27.  00 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


0.  00 


37.  2 


8.  91 


12.  64 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  5 
O.  5-0.  8 
0.  8-1.  2b 
1.  25-2.  0 
>2.  0 


6.4-44 


CONDITION/HT:  1850F  A-BQ  AT  BTSF.  SQ  AT  400F,  1000F  2*2HR 

FORM:  0.  a0"TH  PLATE  YIELD  STRENGTH:  220.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  238.  0  KSI 

ORIENTATION:  L-T  SPECIMEN  THK:  0.  758“ 

STRESS  RATIO  ♦B.  50  SPECIMEN  WIDTH:  5.  000" 

ENVIRONMENT:  R.  T. .  JP-4  FUEL  REFERENCES:82543 


AK  (MPA  Vm) 

4  10  40  100 

— I  '  I  M'l'i 

FREQUENCY  (Hz)  =  0.  10 


4  10  40  100 

I  M  M  '  I 'I  I  '  I  M  'Ml 

FREQUENCY  (Hz)  =  3.  00 


4  10  40  100 

AK  (KSI  >/m) 


AK  (MPA  Vm) 
4  10  A 


10° 

10 

10’ 

10'^ 

10' 

10'^ 

10' 

10'^ 

10' 

10'^ 

Id' 

10’ 

10® 

10'' 

10° 

® 

4  10  40 

I  I  ni'i'i — r~n^ 

FREQUENCY  (Hz)  = 


4  10  < 

AK  (KSI  V^) 


Figure  6.4. 3.9 
6.4-43 


ALLOY 

STEEL 


08AC 


10'^ 


TABLE  6.4.3.10 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.4.3.10  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  ALLOY  STEEL  D6AC 

CONDITION;  i650F  A-B>j  AT  975F..  SG  AT  400F,  lOOOF 
2+2HR 


DELTA  K 
(KSI*IN*-»l/2) 


E=  R.  T. 
UP-4  FUEL 


DA/DN  (10*-»-6  IN.  /CYCLE) 


DELTA  K  B 


14.  94 


16.  00 
20.  00 
25.  00 


3.  56 


3.  15 
5.  38 
11.  2 


DELTA  K  B; 


25.  91 


11.  5 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


16.  96 


LIFE  O.  0-0.  5 

PREDICTION  0.  5-0,  8 
RATIO  0.8-1.25 

SUMMARY  1.  25-2.  0 
(NP/NA)  >2  0 


CONDITION/HT-  1650F  A-BQ  AT  975F,  SQ  AT  400F.  1000F  2  +  2HR 

FORM:  0.  80"TH  FORGING  YIELD  STRENGTH:  220.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  238.0  KSI 

ORIENTATION  L-T  SPECIMEN  THK:  0.500" 

STRESS  RATIO:  +0.50  SPECIMEN  WIDTH:  2.500" 

FREQUENCY:  1.  00  HZ  REFERENCES:82543 


AK  (MPA  v/m) 

4  10  40 


ENVIRONMENT:  R.  T. 
JP-4  FUEL 


4  10  40 


4  10  40 

AK  (KSI  -v/m) 


AK  (MPA  y/rn) 
4  10  4 


4  10  4 


4  10  4 

AK  (KSI  >/m) 


I’i'jiiro  6.4.  Li': 


TABLE  6.4.3.11 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 4 . 3 . 11  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL;  ALLOY  STEEL  DAAC 

CONDITION:  1700F  A-BQ  AT  975F, OQ  AT  140F, lOOOF 
2+2HR 

ENVIRONMENT:  R.  T.  , LAB  AIR 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  IN.  /CYCLE) 

A  B  C  D 


R-=+0.  10 


A 

DELTA  K  B 
MIN  C 


D 


DELTA  K 
MAX 


A 

B 

C 

D 


19. 

72 

5. 

50 

20. 

00 

5. 

61 

25. 

00 

8. 

34 

30. 

00 

12. 

a 

35. 

00 

19. 

2 

40. 

00 

27. 

7 

50. 

00 

51. 

3 

60. 

00 

81. 

9 

66. 

91 

105. 

ROOT  MEAN  SQUARE  25.  51 

PERCENT  ERROR 


LIFE  0.  0-0  5 

PREDICTION  0.  5-0  8  1 

RATIO  O.  8-1  25  2 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  O 


CONDITION/HT:  1700F  A-BQ  AT  975F.  OQ  AT  140F.  1000F  2*2HR 
FORM;  0.  90"TH  PLATE  YIELD  STRENGTH. 220.  0  KSI 

SPECIMEN  TYPE:  CT  ULT  STRENGTH:  238.  0  KSI 

ORIENTATION:  L-T  SPECIMEN  THK:  0.690" 

FREQUENCY:  1.00  HZ  SPECIMEN  WIDTH:  1.500" 

ENVIRONMENT:  R.  T.  .  LAB  AIR  REFERENCESa2543 


TABLE  6.4. 3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

data  associated  with  figure  6.4.3.12  INDICATING  EFFEC 

OF  STRESS  RATIO 


MATERIAL:  ALLOY  STEEL  D6AC 

CONDITION;  1700F  A-BQi  975F  OQ  AT  140F.  lOOOF  2+2HRS 
ENVIRONMENT:  R.  T.  ,  DRY  AIR 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  IN.  /CYCLE) 

ABC 


R-+0  50 


A :  15.55 

DELTA  K  B: 

MIN  C : 

D. 

16.  00 
20.  00 


3.  63 


3.  76 
6.  18 


DELTA 

MAX 


A: 
K  B: 
C : 
D: 


21.  35 


7.  29 


ROOT  MEAN  SQUARE  B.  68 

PERCENT  ERROR 


LIFE  O.  0-0  D 

PREDICTION  0.  5-0  8 

RATIO  0.  8-1  25  2 

SUMMARY  1  25-2  0  1 

(NP/NA)  >2  0 


CONDITION/HT:  1700F  A-BQ,  975F  OQ  AT  140F,  1000F  2-<-2HRS 


FORM:  0.  80"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY:  0.10-  3.00  HZ 

ENVIRONMENT:  R.  T.  .  DRY  AIR 


YIELD  STRENGTH:  220.  0  KSI 
ULT.  STRENGTH:  238.0  KSI 
SPECIMEN  THK:  0.  751 
SPECIMEN  WIDTH:  5.000" 
REFERENCES:82543 


ALLDY 

STEEL 


TABLE  6.4,3.13 


K^’s.  -  -r- 


K>:v 


> 

« " 


►  •-•  • 
.  % 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  6. 4.  3. 13  INDICATING  EFFECT 

OF  FREQUENCY 


MATERIAL:  ALLOY  STEEL  D6AC 

CONDITION;  1700F  A-BQ  AT  975F,  OQ  AT  140F,  lOOOF 
2+2HR 

ENVIRONMENT:  R.  T.  . DIST  H20 


CONDITION/HT:  1700F  A-BQ  AT  975F.  OQ  AT  140F.  1000F  2*2HR 

FORM;  0.80"TH  PLATE  YIELD  STRENGTH:  220.  0  KSI 

SPECIMEN  TYPE;  CT  ULT.  STRENGTH:  238.  0  KSI 

ORIENTATION:  L-T  SPECIMEN  THK:  0.754" 

STRESS  RATIO;  ♦0. 08  SPECIMEN  WIDTH:  5. 000" 

ENVIRONMENT:  R.  T. .  DIST  H20  REFERENCES;82543 


ALLOY 

STEEL 


D8AC 


10*  1 
■o 


AK  (KSI  n/^) 


AK  (KSI  VTn) 


CONOITION/HT  1700F  A -90 
FORM  0.  e0  'TH  FORCING 

SPECIMEN  TYPE  CT 


30  AT  140F.  1000F  2*2HR 

yield  strength  220.0  KSI 
ULT  strength  238.  0  KSI 


TABLE  6.4.3.14 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 4 . 3. 14  INDICATING  EFFECT 


OF  FREQUENCY 


MATERIAL:  ALLOY  STEEL  D6AC 

CONDITION:  1700F  A-BQ  AT  975F. OQ 
2+2HR 

ENVIRONMENT:  R.  T.  , DRY  AIR 

AT  140F. iOOOF 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

<KSI*IN**l/2) 

A 

B 

C 

D 

F(HZ)=  0.  10 

F(HZ)=  1.00 

F(HZ)=  3.00 

A:  19.  47 

4.  95 

DELTA  KB:  12.  94 

1.  27 

MIN  C:  12.88 

1.  09 

D: 

13.  00 

1.  26 

1.  14 

16.  00 

2.  61 

2.  52 

20.  00 

5.  28 

5.  88 

4.  86 

25.  00 

8.  52 

9.  94 

8.  22 

30.  00 

12.  3 

13.  6 

12.  1 

35.  00 

17.  0 

17.  6 

16.  9 

40.  00 

23.  2 

23.  0 

23.  2 

50.  00 

43,  9 

43.  4 

43.  3 

60.  00 

96.  3 

83.  0 

70.  00 

128. 

A:  57.  66 

73.  2 

DELTA  KB:  70.  52 

114. 

MAX  C:  63.32 

104. 

D: 

ROOT  MEAN  SQUARE 

4.  94 

11.  47 

6.  89 

PERCENT  ERROR 

LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 

RATIO  0.8-1.25  1  1  1 

SUMMARY  1.25-2.0 
<NP/NA)  >2.0 


CONDITION/HT:  17B0F  A-BQ  AT  975F.  OQ  AT  140F.  1000F  2-^2HR 
FORM:  0.80"TH  PLATE  YIELD  STRENGTH:  220.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  238.  0  KSI 

ORIENTATION:  L-T  SPECIMEN  THK:  0.  752 •' 

STRESS  RATIO:  •►0.10  SPECIMEN  WIDTH:  5.000" 

.ENVIRONMENT:  R.  T.  .  DRY  AIR  REFERENCES: 82543 


ALLOY 

STEEL 


DBAC 


AK  (MPA  y/m) 

4  10  40  100 

T  '  PT'T'I - 1  '  I  '  I'I'I  ' 

FREOUENCY  (Hz)  =  0.  10 


4  10  40  100 

I  '  I  '  I'I'I - r  ■  I  MM'I 

FREOUENCY  (Hz)  =  3.  00 


4  10  40  100 

AK  (KSI  >/m) 


AK  (MPA  y/m) 
4  10  4 


10° 

vs/ 

10'* 

10’ 

10® 

10^ 

10^ 

10'^ 

10® 

10'* 

10* 

10® 

10’^ 

10° 

10* 

10° 

® 

10^ 

10’ 

10® 

10'^ 

io‘ 

10-^ 

10* 

10'^ 

10* 

10® 

10-^ 

10'® 

10* 

10'^  1 
■a 


4  10  i 

I  '  I '  I'Mi — 

FREQUENCY  (Hz)  = 


10'^  « 


10’^  1 
T3 


Figure  6.4,3.14 
6.4-55 


4  10  4 

AK  (KSI  vTn) 


CONDITION/HT:  1700F  A-BO  AT  975F.  OQ  AT  14BF,  1000F  2-^2HR 

FORM;  0.80"TH  PLATE  YIELD  STRENGTH:  220. 0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH;  238.  0  XSI 

ORIENTATION:  L-T  SPECIMEN  THK:  0.  741  ” 

STRESS  RATIO:  -0.10  SPECIMEN  WIL'TH:  5.000" 

ENVIRONMENT:  R.  T. ,  JP4/H20  REFERENCES;b2543 


6.4-57 


TABLE  6.4.3.16 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.4. 3.16  INDICATING  EFFECT 

OF  FREQUENCY 

MATERIAL:  ALLOY  STEEL  D6AC 
CONDITION:  1700F  A-BQ  AT  97SF. OQ  AT  140F. lOOOF 
2'^2HR 

ENVIRONMENT:  R.  T.  . DIST  H20 


DELTA 

K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI«IN«*l/2) 

A 

B 

C 

F(HZ)*  1.00 

F(HZ)=  3.00 

A: 

9.  81 

2.  20 

DELTA 

K 

B: 

9.  86 

1.  32 

MIN 

C: 

D: 

10.  00 

2.  33 

1.  43 

13.  00 

4.  71 

4.  18 

16.  00 

7.  69 

6.  44 

20.  00 

12.  2 

8.  56 

25.  00 

18.  4 

11.  8 

30.  00 

24.  9 

18.  6 

A: 

33.  23 

29.  1 

DELTA 

K 

B: 

30.  17 

18.  9 

MAX  C: 

D: 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


16.  48 


17.  47 


PREDICTION  O.  5-0.  8 
RATIO  0.8-1.25 
SIXIMARY  1.25-2.0 
(l«>/NA)  >2.0 


6.4-58 


CONDITION/HT:  170BF  A-BQ  AT  975F.  OQ  AT  140F.  1000F  2-^2HR 
FORM:  0.80"TH  PLATE  YIELD  STRENGTH:  220.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  230.  0  KSI 

ORIENTATION:  L-T  SPECIMEN  THK:  0.  751 " 

STRESS  RATIO:  +0,  50  SPECIMEN  WIDTH:  5. 000" 

•ENVIRONMENT:  R.  T..DIST  H20  REFERENCES:82543 


AK  (MPA  v/m) 

4  10  40  100 

I  '  I M'i'i — I  ' 

FREQUENCY  (Hz)  =  1.  00 


4  U  40  100 

T  ’  I  M'I'I - 1  '  I  M'I'I 

FREQUENCY  (Hz)  = 


4  10  40  100 

AK  (KSI  \/Tn) 


AK  (MPA  v/m) 
4  10  4 


10° 

(D 

10' 

10’ 

10'^ 

10' 

10'^ 

io' 

10' 

10'^ 

io‘ 

10'® 

10'’ 

10® 

10*' 

4  10 

I  '  I '  I'i'i — 

FREQUENCY  (Hz)  = 


Figure  6.4.3.16 
6.4-59 


4  10  i 

AK  (KSI  >/Tn) 


ALLOY 

STEEL 


D6AC 


10'^  1 
T3 


10'^  « 


10'^  1 
■o 


TA8LF;  6.4.3.17 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 4. 3. 17  INDICATING  EFFECT 


OF  FREQUENCY 


MATERIAL;  ALLOY  STEEL 
CONDITION:  1700F  A-QQ  AT 
2+2HR 

ENVIRONMENT:  R.  T.  .  JP-4 

D6AC 

975F.  OQ 

FUEL 

AT  140F,  lOOOF 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

<KSI«IN**l/2) 

A 

B 

C 

D 

F(HZ)=  0.  10 

F(HZ)=  1.00 

F(HZ)=  3.00 

A: 

DELTA  KB;  10.  80 

2.  19 

MIN  C:  10.  58 

1.  20 

D; 

13.  00 

3.  02 

2.  29 

16.  00 

4.  92 

3.  93 

20.  00 

8.  95 

6.  73 

25.  00 

15.  9 

12.  0 

30.  00 

23.  4 

21.  0 

35.  00 

29.  2 

A: 

DELTA  KB;  39.  01 

31.  7 

MAX  C:  33.  66 

31.  9 

D; 

ROOT  MEAN  SQUARE 

0.  00 

15.  29 

13.  65 

PERCENT  ERROR 

LIFE  O.  0-0.  5 
PREDICTION  0.  5-0.  8 

RATIO  0.0-1.25  1  1 

SUMMARY  1.  25-2.  0 
<NP/NA)  >2.  0 


AK  (KSI  y/ln)  AK  (KS!  v/Tn) 


Figure  6.4.3.17 


6.4-61 


TABLE  6.4.3.18 


FATIQUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.4. 3.18  INDICATING  EFFECT 

OF  FREQUENCY 


MATERIAL:  ALLOY  STEEL  D6AC 

CONDI; ION:  i700F  A-BQ  AT  975F,  OQ  AT  140F,  lOOOF 
2+2HR 

ENVIRONMENT;  R.  T.  . DIST  H20 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  (10**-6  IN.  /CYCLE) 


A 

B 

C 

F<HZ)=  0.  10 

F(H2)=  1.00 

F(HZ)  = 

A 

12.  13 

5.  69 

DELTA 

K 

B 

12.  01 

2.  35 

MIN 

C 

12.  24 

2.  81 

D 

13.  00 

8.  66 

3.  25 

3.  40 

16.  00 

16.  8 

6.  39 

4.  97 

20.  00 

23.  4 

10.  7 

5.  88 

25.  00 

41.  1 

15.  6 

7.  59 

30.  00 

71.  7 

20.  5 

12.  6 

35.  00 

109. 

26.  1 

40.  00 

140. 

A 

46.  20 

151. 

DELTA 

K 

B 

39.  73 

32.  9 

MAX 

C 

30.  48 

13.  5 

D 

ROOT  MEAN 

SQUARE 

16.  63 

15.  16 

34.  97 

PERCENT  ERROR 


D 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0  S 

RATIO  0.8-1.25  1  1  1 

SUMMARY  1.25-2.0 
(NP/NA)  >2. O 


6.4-62 


AK  (KSI  >/Tn)  AK  (KSI  v'^) 


Fijurc  6.4. 3 . IH 


6.4-63 


CONDITION/HT:  1700F  A-BQ  AT  975F,  OQ  AT  140F.  1000F  2-*-2HR 

FORM:  0.  80"TH  FORGING  YIELD  STRENGTH: 220.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  238.  0  KSI 

ORIENTATION-  L-T  SPECIMEN  THK:  0.750" 

STRESS  RATIO;  -^0.  48  SPECIMEN  WIDTH;  5.  000" 

FREQUENCY:  1.  00  HZ  REFr"’ENCES:82543 


AK  (MPA  y/m) 

4  10  40  100 
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4  10  40  100 

AK  (KSI  -v/Tn) 


Figure  6.4.3.19 


TABLE  6.4.3.20 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.4. 3.20  INDICATING  EFFECT 


OF  FREQUENCY 


MATERIAL:  ALLOY  STEEL  DAAC 

CONDITION:  1700F  A-BQ  AT  975F.  OQ 
2+2HR 

ENVIRONMENT:  R.  T.  , DIST  H20 

AT  140F.  lOOOF 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI-»IN**l/2) 

A 

B 

C 

F(HZ)=  0.  10 

F(HZ>=  1.00 

F(HZ)=  3.00 

A:  11.33 

3.  18 

DELTA  KB:  13.  93 

3.  08 

MIN  C:  18.  38 

6.  58 

D. 

13.  00 

4.  80 

16.  00 

8.  65 

5.  20 

20.  00 

15.  7 

9.  51 

6.  47 

25.  00 

27.  a 

14.  3 

10.  6 

30.  00 

43.  7 

18.  7 

15.  0 

35.  00 

63.  7 

23.  5 

16.  7 

40.  00 

88.  2 

29.  7 

A:  48.  33 

140. 

DELTA  KB:  41. 12 

31.  4 

MAX  C.  38.  83 

20.  9 

D: 

ROOT  MEAN  SQUARE 

13.  57 

11.  95 

13.  92 

PERCENT  ERROR 

LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 

RATIO  0.8-1.25  2  2  1 

SUMMARY  1.25-2.0 
<NP/NA)  >2.  O 


CONDITION/HT  17B0F  A-aO  *’  g-’SF. 
FORM:  0.  0O"TH  FORGING 

SPECIMEN  TYPE  CT 
ORIENTATION  L-T 
STRESS  RATIO  *0.10 
ENVIRONMENT  R.  T.  .  QIST  H20 


3C  AT  140F.  1000F  2*2HR 

YIELD  strength  220.  0  KSI 
OLT  STRENGTH  238.  0  KSI 
SPECIMEN  THK  0.  750-  0.  753" 

SPECIMEN  WIDTH:  5.  000" 
REFERENCES  82543 


6.4-67 


m 


I 


TABLR  6.4.3.21 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.4. 3.21  INDICATING  EFFECT 

OF  FREQUENCY 


MATERIAL;  ALLOY  STEEL  D6AC 

CONDITION:  1700F  A-BQ  AT  975Fi  OQ  AT  140F.  lOOOF 
2+2HR 

ENVIRONMENT:  R.  T.  .  JP-4  FUEL 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  (10**-6  IN.  /CYCLE) 
ABC 
F(HZ)=  0.10  F<H2>=  1.00  F(H2)=  3. 


DELTA  K  B 
MIN  C 
D 


DELTA  K  B 
MAX  C 


11.  55 

1.  25 

18.  43 

7. 

19 

18.  87 

3.  10 

13.  00 

2.  52 

16.  00 

6.  78 

20.  00 

14.  8 

8. 

37 

3.  73 

25.  00 

26.  1 

12. 

0 

7.  32 

30.  00 

37.  2 

15. 

7 

12.  1 

35.  00 

48.  2 

19. 

8 

17.  9 

40.  00 

59.  7 

24. 

5 

24.  5 

50.  00 

87.  6 

37. 

4 

38.  7 

60.  00 

53.  0 

70.  00 

66.  0 

58.  94 

123. 

52.  16 

41. 

1 

72.  93 

69.  5 

ROOT  MEAN  SQUARE 

17.  83 

6.  86 

17.  19 

PERCENT  ERROR 

LIFE  0.  0~0.  5 

PREDICTION 

0.  5-0.  8 

RATIO 

0.  8-1.  25 

2 

1 

SUMMARY 

1.  25-2.  0 

<NP/NA) 

>2.  0 

6.4-68 

CONDITION/HT:  1700F  A-BQ  AT  075F.  00  AT  140F,  1000F  2-^2HR 
FORM:  0.80‘'TH  FORCING  YIELD  STRENGTH:  220. 0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  238.  0  KSI 

ORIENTATION:  L-T  SPECIMEN  THK:  0.750-  0.753" 

STRESS  RATIO:  •►0.  10  SPECIMEN  WIDTH:  5. 000" 

ENVIRONMENT;  R.  T. ,  JP-4  FUEL  REFERENCES; 82543 


ALLOY 

STEEL 


OQAC 


AK  (MPA  y/m) 


FREOUENCY  (Hz)  =  0.  10 


4  10  40  100 


FREQUENCY  (Hz)  =  3.  00 


4  10  40  100 

AK  (KSI  >/Tn) 


4  10  40 


Figure  6.4.3.21 


4  10  40 

AK  (KSI  >/Tn) 
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6.4-69 


FATIGUE  CRACK  GROWTH  RATE  AT  DEFINED  LEVELS  OF  THE  STRESS-INTENS 


AC.  1529F  1-Z  4  00  190.0  3.979  1.733  CT  3.071  0  70  106.00  1973  83036 

HR  AC.-IOOF  7.00  190.0  6.003  1.992  CT  3  006  0.92  113.00  1973  83836 
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TABLE  6.5. 3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 5. 3.1  INDICATING  EFFECT 

OF  ENVIRONMENT 


CONDITION/HT: 

FORM:  2.  50  "TH  BAR 

SPECIMEN  TYPE:  CT 
ORIENTATION-  L-T 
STRESS  RATIO:  *1i.  02 
FREOUENCY: 


YIELD  STRENGTH:  185.  5  KSI 
ULT.  STRENGTH:  201.  0  KSI 
SPECIMEN  THK:  1.250" 
SPECIMEN  WIDTH:  5.  000" 
REFERENCES:88135 


AK  (MPA  y/m) 

4  10  40  100 


AK  (MPA  v/m) 
4  10  4 


10HZ 


4  10  40  100 


4  10  40  100 

AK  (KSI  \/ln) 


/  _  ENVIRONMENT:  R.  1 
3.52  NACL 
-2  ~  IHZ _ 


4  10 


Figure  6. 5. 3.1 


4  10  i 

AK  (KSI  v/Tn) 


6.5-15 


TABLE  6. 5. 3. 2 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  6. 5 . 3 . 2  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  ALLOY  STI 

EEL 

HP9-4-. 

20 

CONDITION: 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B  C 

E=  R.  T. 

E=  R.  T. 

LAB 

AIR 

SIM  SEA  WATER 

.  1- 

20HZ 

. 1-1 5HZ 

A:  a.  36 

.  0938 

DELTA  KB:  21.08 

2.  87 

MIN  C; 

D; 

9.  00 

.  123 

10.  00 

.  180 

13.  00 

.  435 

16.  00 

.  833 

20.  00 

1.  61 

25.  00 

3.  01 

4.  77 

30.  00 

4.  93 

8.  01 

35.  00 

7.  41 

12.  2 

40.  00 

10.  5 

17.  4 

50.  00 

18.  9 

31.  2 

60.  00 

30.  6 

50.  0 

70.  00 

46.  3 

74.  4 

80.  00 

66.  8 

105. 

90.  00 

93.  0 

144. 

100.  00 

126. 

191. 

130.  00 

278. 

395. 

160.  00 

542. 

727. 

A;  192.  57 

1026. 

DELTA  KB:  192.  73 

1299. 

MAX  C: 

D; 

ROOT  MEAN  SQUARE 

13.  48 

22.  71 

PERCENT  ERROR 

LIFE  0.  0-0. 

5 

PREDICTION  0.  5-0  8 

RATIO  0.  8-1  J 

25 

SUMMARY  1.25-2  0 

(NP/NA)  >2  0 

6.5-16 

t  CONDITION/HT. 

-5  FORM:  1.25"TH  FORGING 

SPECIMEN  TYPE;  WOL 
ORIENTATION-  L-T 
STRESS  RATIO:  +0.  02 
;■>:%  frequency: 


AK  (MPA  \/m) 

4  10  40  100 


.  1-20H2 


4  10  40  100 


4  10  40  100 

AK  (KSI  -s/Tn) 


YIELD  STRENGTH:  196.  5  KSI 
ULT.  STRENGTH:  209.5  KSI 
SPECIMEN  THK.  1.250" 
SPECIMEN  WIDTH:  5.  000" 
REFERENCES:MA005 


AK  (MPA  -v/m) 
4  10  A 

)  (=  r^j '  I'i'i — 

/  -  ENVIRONMENT:  R.  ' 
SIM  SEA  WATER 
-2  ~  .  1-15HZ  _ 


4  10 


Figure  6. 5. 3. 2 


6.5-17 


4  10 

AK  (KSI  >/m) 


ALLOY 

STEEL 


HP9-4- 
.  20 


TABLE  6.5.3. 3 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 5 . 3. 3  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  ALLOY  STEEL  HP9-4-.  20 

CONDITION: 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  (10**-6  IN.  /CYCLE) 

A  B  C  D 


E=  R.  T. 
LAB  AIR 
.  1-20HZ 


E=  R.  T. 

SIM  SEA  WATER 
. 1-15HZ 


DELTA  K  B 
MIN  C 
D 


DELTA  K  B 
MAX  C 
D 


8. 

87 

131 

18. 

18 

1. 

57 

9. 

00 

141 

10. 

00 

242 

13. 

00 

751 

16. 

00 

1. 

55 

20. 

00 

2. 

99 

2. 

31 

25. 

00 

5. 

31 

4. 

97 

30. 

00 

8. 

25 

8. 

36 

35. 

00 

12. 

0 

12. 

4 

40. 

00 

16. 

7 

17. 

2 

50. 

00 

30. 

7 

29. 

9 

60. 

00 

54. 

5 

49. 

4 

70. 

00 

95. 

3 

80. 

3 

80. 

00 

165. 

131. 

90. 

00 

285. 

213. 

100. 

00 

490. 

350. 

130. 

00 

1599. 

120. 

1 5 

1437. 

153. 

57 

5368. 

ROOT  MEAN  SQUARE  14.  01  20.  32 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0  8 
RATIO  0.  B-1.25 

SUMMARY  1.  25-2  0 
(NP/NA)  >2.  0 


CONDITION/HT; 

FORM:  1.25"TH  FORGING 

SPECIMEN  TYPE;  WOL 
ORIENTATION  T-L 
STRESS  RATIO:  +0-  02 
FREQUENCY: 


AK  (MPA  -v/m) 

4  10  40  100 


YIELD  STRENGTH:  198.  0  KSI 
ULT.  STRENGTH:  212.  5  KSI 
SPECIMEN  THK.  1.250" 
SPECIMEN  WIDTH:  5.000" 
REFERENCES;MA005 


^NV^R^^p^ENT: 
. 1-20HZ 


4  10  40  100 

T  '  I  '  I'I'I - 1  '  I  '  I'I'I  ■■ 

ENVIRONMENT: 


10° 

(D 

10' 

10’ 

10'^ 

Iff 

10-^ 

io' 

lO"* 

10' 

Iff® 

10* 

10' 

Iff® 

10‘ 

4  10  40  100 

AK  (KSI  \/Tn) 


ENVIRONMENT:  R. 
SIM  SEA  WATER 


10"*  1 


10° 

10 

10'’ 

Iff 

10'^ 

io' 

-3 

10 

10' 

10'' 

10 

10'® 

Iff 

Iff® 

10* 

4  10  40 

1  I  I  'I'I'I — 

ENVIRONMENT: 


10'^ 


z 

•o 

Iff''  ro 
■o 


Figure  6. 5. 3. 3 
6.5-19 


4  10  ^ 

AK  (KSI  >/Tn) 


TAHLE  6. 5. 3.4 


FATIQUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 5. 3.4  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL;  ALLOY  STEEL  HP9-4-.  20 

CONDITION;  WELDED 
ENVIRONMENT;  R.  T.  .  L.  H.  A. 


DELTA  K 
(KSI*IN-»-iH/2) 


DA/DN  IN.  /CYCLE) 

ABC 
R=+0.  30  R=+0.  50 


D 


DELTA  K  B 
MIN  C 
D 


DELTA  K  B 
MAX  C 
D 


15. 

75 

287 

11. 

43 

502 

13. 

00 

992 

16. 

00 

314 

2. 

48 

20. 

00 

1. 

02 

5. 

25 

25. 

00 

2. 

82 

9. 

46 

30. 

00 

5. 

81 

14. 

4 

35. 

00 

10. 

1 

20. 

6 

40. 

00 

15. 

6 

28. 

6 

50. 

00 

30. 

4 

54. 

6 

60. 

00 

50. 

4 

62. 

95 

57. 

3 

51. 

28 

59. 

4 

ROOT  MEAN  SQUARE  6.  61  6.  65 

PERCENT  ERROR 


LIFE  0.  0-0  5 

PREDICTION  O.  5-0.  B 

RATIO  0.8-1.25  1  1 

SUMMARY  1.25-2.0 
<NP/NA)  >2.0 


CONDITION/HT:  WELDED 
FORM:  WELDMENT 
SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREOUENCY:  6.  00  HZ 

ENVIRONMENT:  R.  T.  ,  L.  H.  A. 


AK  (MPA  y/m) 

4  10  40  100 


4  10  40  100 

I  '  I  MM'I - 1  '  I  '  I'I'I 

STRESS  RATIO  = 


YIELD  STRENGTH: 

ULT.  STRENGTH: 

SPECIMEN  THK:  0.  490-  0.  500" 

SPECIMEN  WIDTH:  6.  010" 
REFERENCESS8579 


AK  (MPA  y/m) 

4  10  40 


STRESS  RATIO  =  +0.  50 


10'^ 

10 

10'“ 

10' 

10'® 

io' 

10'® 

10' 

10° 

10'' 

® 

10’ 

10' 

10'^ 

10' 

10'^ 

10 ' 

lO"* 

io' 

10'® 

io' 

10° 

10' 

10* 

4  10  40 

I  '  I  '  I'I'I — r^rji 

STRESS  RATIO  = 


■ 


ALLOY 

STEEL 


HP9-4- 
.  20 


4  10  40  100 

AK  (KSI  -v/Tn) 


Fiqure  G  .  ’i .  ^ .  4 


4  10  40 

AK  (KSI  \An) 


MATERIAL;  ALLOY  STEEL  HP9-4 

CONDITION:  WELDED 
ENVIRONMENT;  R.  T.  ,  L.  H.  A. 


TABLE  6. 5. 3. 5 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSIFY  FACTOR 

TA  ASSOCIATED  WITH  FIGURE  6. 5. 3. 5  INDICATING  EFFECT 

OF  STRESS  RATIO 


DELTA  K 
(KSI«IN*>l/2) 


DELTA  K  B 
MIN  C 
D 


18.  S7 


DELTA  K  B 


C 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE  0.  0-0.  D 

PREDICTION  0.  5-0  8 
RATIO  O.  8-1  25 

SUMMARY  1.  25-2.  0 
(NP/NA)  >2  0 


A 

R=+0.  08 
.  365 


20. 

00 

422 

25. 

00 

1. 

77 

30. 

00 

4. 

62 

35. 

00 

7. 

55 

40. 

00 

10. 

9 

50. 

00 

22. 

2 

54. 

51 

28. 

3 

DA/DN  (10»-H-6  IN.  /CYCLE) 
B  C 


6.5-22 


'l-vLvi'lv'1'.V  -■’s.'I'o!  ■J'f  -I*'  •  0 


CONDITION/HT:  WELDED 
FORM;  WELDMENT 
SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREOUENCY:  1.00  HZ 

ENVIRONMENT:  R.  T.  ,  L.  H.  A. 


YIELD  STRENGTH: 

ULT.  STRENGTH: 

SPECIMEN  THK;  0.510" 
SPECIMEN  WIDTH:  6.  000" 
REFERENCES88579 


AK  (MPA  v/m) 

4  10  40  100 


AK  (MPA  Vm) 
I  10  4 


4  10  40  100 

I  '  I  '  I'I'I - 1  '  1  '  I'I'I 

STRESS  RATIO  = 


10° 

vs/ 

10 

10’ 

10' 

10'^ 

lo" 

10'^ 

10' 

lO"* 

io' 

10‘® 

10’ 

10® 

10‘‘ 

10° 

® 

10' 

10’ 

10' 

10'^ 

-t 

10 

10^ 

10' 

lO"* 

-e 

10 

10'® 

io’ 

10'® 

io' 

4  10  40  100 

AK  (KSI  v/Tn) 


4  10 

I  I  I  'I'I'I - 

STRESS  RATIO  = 


4  10 

I  '  I  'I'I'I — r 

STRESS  RATIO  = 


Figure  6 . 5 . 3  .  !j 
6.5-23 


4  10  i 

AK  (KSI  v/m) 


TABLE  6. 5. 3. 6 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 5. 3. 6  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  ALLOY  STEEL  HP9-4-.  20 

CONDITION;  1525F  2HRS  AC, -lOOF  2HRS,  1025F  4HRS 


DELTA  K 
{KSI*IN*»l/2) 


E=  R.  T. 
L.  H.  A.  ,  6HZ 


DA/DN  (10**-6  IN.  /CYCLE) 


E=  R.  T. 
1007.  HUM,  IHZ 


A 

DELTA  K  B 
MIN  C 


D 


A 

DELTA  K  B 
MAX  C 


D 


12.  74  :  1.  41 

10.  61  :  .  809 


13.  00  ;  1.  48  1.  72 

16.  00  ;  2.  49  3.  26 

20.  00  ;  4.  23  5.  77 

25.  00  .  7.  09  9.  51 

30.  00  ;  10.  a  14.  0 

35.  00  ;  15.  3  19.  5 

40.  00  ;  20.  a  26,  3 

50.  00  ;  46.  4 

48.  33  .  32.  4 

54.  53  ;  59.  4 


ROOT  MEAN  SQUARE  4.  31  6.  66 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 

RATIO  0.8-1.25  1  1 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


CONDITION/HT  1525F  2HRS  AC, -100F  2HRS,  1025F  4HRS 
FORM:  4.  00"TH  BILLET  YIELD  STRENGTH:  176.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  201.  0  KSI 

ORIENTATION  L-T  SPECIMEN  THK:  0.990" 

STRESS  RATIO:  +0.08  SPECIMEN  WIDTH:  6.000" 

FREOUENCY:  REFERENCES:80579 


AK  (MPA  v/rTT) 

4  10  40  100 


4  10  40  100 


4  10  40  100 

AK  (KSI  v/Tn) 


AK  (MPA  Vm) 
4  10  4 

I  '  J  '  I '  I  'I - I~r- 

ENVIFIoNMENT:  R.  ‘ 
1002  HUM.'  IHZ 


4  10  40 


Figure  6.5. 3. G 


6.5-2? 


4  10  i 

AK  (KSI  v/m) 


ALLOY 

STEEL 


HP9-4- 
.  20 


10'“  1 


10  ^  -ST 


z 

■o 

10  '*  (0 
•D 


TABLE  6. 5. 3,7 


v*'- 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 5. 3. 7  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL; 

ALLOY  STEEL  HP9-4-. 20 

CONDITION 

1525F  2HRS  AC. -lOOF  2HRS..  10S5F  4HRS 

ENVIRONMENT:  R.  T. 

.  L.  H.  A. 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI*IN**l/2) 

A  B  C  D 

R=+0.  08 

A 

11.  94 

1.  15 

DELTA  K  B 

MIN  C 

D 

13.  00 

1.  52 

16.  00 

2.  77 

20.  00 

4.  85 

25.  00 

8.  01 

30.  00 

11.  a 

35.  00 

16.  4 

40.  00 

21.  9 

A 

49.  98 

36.  a 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

3.  60 

PERCENT  ERROR 

LIFE 

PREDICTION 
RATIO 
SUMMAR  y 
(NP/NA) 


0.  0-0.  5 
0.  5-0.  0 
O.  8-1.  25 
1.  25-2.  0 
>2.  0 


CONDITION/HT:  1525F  2HRS  AC.  -100F  2HRS.  1025F  4HRS 
FORM:  4.  00"TH  BILLET  YIELD  STRENGTH:  178.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  209.  0  KSI 

ORIENTATION:  T-L  SPECIMEN  THK:  0.990" 

FREQUENCY:  6. 00  HZ  SPECIMEN  WIDTH:  6.  000" 

ENVIRONMENT:  R.  T.  .  L.  H.  A.  REFERENCESS8579 


ALLOY 
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Figure  6. 5. 3.7 


4  10  40  100 

AK  (KSI  \/Tn) 


6.3-27 


TABLE  6. 5. 3. 8 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 5. 3. 8  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  ALLOY  STEEL  HP9-4-.  20 

CONDITION:  i525F  2HRS  OQ. -lOOF  2HRS,  1025F  4HRS 
ENVIRONMENT:  R.  T.  ,  L.  H.  A. 


CONDITION/HT;  1525F  2HRS  OQ.  -100F  2HRS.  1025F  4HRS 
FORM:  2.  50"TH  PLATE  YIELD  STRENGTH:  189.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  201.  0  KSI 

ORIENTATION:  L-T  SPECIMEN  THK:  0.830" 

FREOUENCY:  6.00  HZ  SPECIMEN  WIDTH:  5.990" 

■  .ENVIRONMENT:  R.  T.  .  L.  H.  A.  REFERENCESS8579 


AK  (MPA  -v/m) 

4  10  40  100 


ALLOY 

STEEL 


HP9-4- 
.  20 


4  10  40  100 

I" '  1 '  I'i'i — T'n'nw 

STRESS  RATIO  = 
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AK  (KSI  >/m) 
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Figure  6. 5. 3.8 
6.5-29 


AK  (KSI  v/ln) 


10"*  I 

T3 


10'^  ^ 


lO'"  1 

■D 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 5. 3. 9  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  ALLOY  STEEL  HP9-4-.  20 

CONDITION:  1525F  2HRS  OQ, -lOOF  2HRS,  1025F  4HRS 


DELTA  K 
(KSI*IN**I/2) 


E=  R.  T. 
L.  H.  A. 
oHZ 


DELTA  K  B 
MIN  C 
0 


A; 

DELTA  K  B; 


65.  72 
106.  00 


59.  3 


DA/DN  (10-)m~6  IN.  /CYCLE) 


E=  R.  T. 
DIST.  H20 
O.  IHZ 


8.  50 

445 

12.  13 

1. 

92 

9.  00 

565 

10.  00 

859 

13.  00 

a. 

14 

2. 

43 

16.  00 

3. 

72 

4. 

68 

20.  00 

5. 

61 

8. 

73 

25.  00 

7. 

75 

15. 

2 

30.  00 

10. 

2 

22. 

9 

35.  00 

13. 

7 

31. 

7 

40.  00 

18. 

3 

41. 

4 

50.  00 

31. 

0 

64. 

0 

60.  00 

48. 

0 

90. 

8 

70.  00 

122. 

80.  00 

159. 

90.  00 

203. 

100.  00 

254. 

LIFE  0.  0-0.  5 

PREDICTION 

0.  5-0.  8 

RATIO 

0.  8-1.  25 

2 

1 

SUMMARY 

1.  25-2.  0 

(NP/NA) 

>2.  0 

6.5-30 

CONDITION/HT-  1525F  2HRS  OQ. -100F  2HRS,  1025F  4HRS 
FORM:  2.  50"TH  PLATE  YIELD  STRENGTH:  ISS- 0-  189,0  KSI 

SPECIMEN  TYPE-  CT  ULT.  STRENGTH:  200.0-  201-0  KSI 

ORIENTATION-  L-T  SPECIMEN  THK-  0.990-  1.000" 

STRESS  RATIO:  +0.08  SPECIMEN  WIDTH:  7.  400-  7.  410” 

FREQUENCY:  REFERENCES:88579 


TABLE  6.5,3.10 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 5 . 3 . 10  INDICATING  EFFECT 


OF  ENVIRONMENT 


ROOT  MEAN  SQUARE 

10  79 

16.  06 

PERCENT  ERROR 

PREDICTION 

(NP/NA) 


0.  5-0  8 
0,  8-1  25 
U25-2  0 


6.5-32 


CONDITION/HT  1525F  2HRS  OQ. -100F  2HRS.  1025F  4HRS 
FORM:  2.  50"TH  PLATE  YIELD  STRENGTH:  188.  0-  191.0  KSI 

SPECIMEN  TYPE  CT  ULT.  STRENGTH:  200.0-  201.0  KSI 

ORIENTATION  L-T  SPECIMEN  THK:  0.993-  1.000" 

STRESS  RATIO:  +0.08  SPECIMEN  WIDTH:  7.400" 

■■FREQUENCY:  1.  00  HZ  REFERENCES:88579.  85837 


TABLE  6. 5. 3. 11 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 5. 3. 11  INDICATING  EFFECT 


OF  STRESS  RAHO 


MATERIAL:  ALLOY  STEEL  HP9-4-. 20 

CONDITION:  i525F  2HRS  OQ. -iOOF  2HRS,  1025F  4HRS 
ENVIRONMENT:  -  65F.  L.  H.  A. 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  IN.  /CYCLE) 

ABC 


R-+0.  08 


D 


A 

I  DELTA  K  B 
MIN  C 
D 

s 


I 


A 

DELTA  K  B 
MAX  C 
D 


9.  54 


.  473 


10.  00 
13.  00 
16.  00 
20.  00 
25.  00 
30.  00 

32.  43 


.  620 

1.  29 

2.  31 
4.  14 
6.  65 
8.  61 

9.  20 


ROOT  MEAN  SQUARE  10.  93 

PERCENT  ERROR 


LIFE  0.  0-0  5 

PREDICTION  0.  5-0  8 

RATIO  0.  8-1  25  I 

SUMMARY  1.25-2  0 

(NP/NA)  >2  0 


CONDITION/HT:  1525F  2HRS  OQ.  -100F  2HRS.  1025F  4HRS 
FORM:  2- 50"TH  PLATE  YIELD  STRENGTH:  188.  0  KSI 

SPECIMEN  TYPE:  CT  ULT  STRENGTH:  200.  0  KSI 

ORIENTATION:  T-L  SPECIMEN  THK:  0.993" 

FREQUENCY:  1.00  HZ  SPECIMEN  WIDTH:  6.000" 

ENVIRONMENT:  -  65®  F.  L.  H.  A.  REFERENCES:85037 


AK  (MPA  v/m) 

4  10  40  100 


4  10  40  100 

I  - 1  '  I  '  MI'I 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  -s/ln) 


AK  (MPA  y/m) 
4  10  4 

1  '  I '  M  n — 

STRESS  RATIO  = 
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lO-^* 
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10'“ 
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10'^ 

10* 

10 

10-« 

10* 

4  10  40 

"I  '  I '  I'l'i — r“n^ 

STRESS  RATIO  = 


Fi'iuro  6.5.  3.11 


4  10  i 

AK  (KSI  -s/ln) 


ALLOY 

STEEL 


HP9-4- 
.  20 


10’^  ^ 


10'“ 


10'^  ^ 


TABLt:  6.5.3.12 


m 


m 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  6.5.3.12  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL 
CONDITION:  1525F  2HRS 

HP9-4 
QQ,  -lOOF 

-.  20 

2HRS,  1025F  4HRS 

DELTA  K 

DA/DN  (10-»*-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

E=-  65F 

E=  R.  T. 

L.  H 

.  A. 

L.  H.  A. 

A:  13.  08 

.  738 

DELTA  KB:  1 1 .  34 

.  968 

MIN  C: 

D: 

13.  00 

1.  62 

16.  00 

1.  30 

3.  12 

20.  00 

2.  43 

5.  05 

25.  00 

4.  55 

7.  19 

30.  00 

7.  54 

9.  43 

35.  00 

11.  5 

12.  3 

40.  00 

16.  5 

16.  4 

50.  00 

29.  7 

29.  9 

60.  00 

47.  2 

51.  3 

70.  00 

80.  0 

A:  63.  48 

54.  3 

DELTA  KB:  72.  79 

89.  0 

MAX  C; 

D: 

ROOT  MEAN  SQUARE 

3.  87 

1 1.  94 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


O.  0-0.  5 
O.  5-0.  a 
0.  a-1.  25 
1.  25-2.  0 


V, 


6.5-36 


TABLE  6.5.3.13 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 5. 3. 13  INDICATING  EFFECT 


OF  STRESS  RATIO 

MATERIAL; 

ALLOY  STEEL  HP9-4-.  20 

CONDITION 

1525F  2HRS  OQ^ -iOOF  2HRS,  1025F  4HRS 

ENVIRONMENT:  R.  T 

.  L.  H.  A. 

DELTA  K 

DA/DN  (10»*-6  IN.  /CYCLE) 

(KSI*IN**l/a) 

A  B  C  D 

R-+0.  05 

A 

19.  41 

6.  79 

DELTA  K  B 

MIN  C 

D 

20.  00 

6.  90 

25.  00 

a.  40 

30.  00 

10.  a 

35.  00 

14.  1 

40.  00 

18.  6 

50.  00 

32.  1 

60.  00 

53.  9 

70.  00 

87,  6 

80.  00 

138. 

90.  00 

212. 

A 

95,  59 

266. 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

16.  27 

PERCENT  ERROR 

CONDITION/HT:  1525F  2HRS  OQ,  -100F  2HRS,  1025F  4HRS 
FORM:  4.  00-TH  BILLET  YIELD  STRENGTH:  188.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  204.  0  KSI 

ORIENTATION:  L-T  SPECIMEN  THK:  1.  990" 

FREQUENCY:  1.  00  HZ  SPECIMEN  WIDTH:  5.  990" 

ENVIRONMENT:  R.  T.  ,  L.  H.  A.  REFERENCES88579 


AK  (MPA  v/m) 
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4  10  40  100 
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Figure  6.5.3.13 
6.5-3y 


4  10  t 
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TABLE  6.5.3.14 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 5. 3. 14  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL;  ALLOY  STEEL  HP9- 

CONDITIQN;  1525F  2HRS  OQ, -lOOF 
ENVIRONMENT:  R.  T.  ,  L.  H.  A. 

4-.  20 

2HRSi  1025F  4HRS 

DELTA  K 

DA/DN  (i0**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

D 

R=+0.  08 

R=+0. 30 

R=+0.  50 

R=+0.  70 

A;  12.  52 

1.  28 

DELTA  KB;  8.  62 

.  505 

MIN  C:  9.  59 

.  674 

D;  5.  66 

.  183 

6.  00 

.  197 

7.  00 

.  310 

a.  00 

.  551 

9.  00 

.  568 

.  943 

10.  00 

.  771 

.  819 

1.  44 

13.  00 

1.  43 

1.  76 

2.  07 

2.  87 

16.  00 

2.  58 

3.  35 

3.  43 

4.  54 

20.  00 

4.  57 

6.  11 

7.  78 

25.  00 

7.  77 

9.  32 

13.  6 

30.  00 

11.  a 

21.  2 

35.  00 

16.  6 

40.  00 

22.  4 

50.  00 

37.  6 

60.  00 

58.  7 

70.  00 

87.  8 

80.  00 

128. 

90  00 

181. 

100.  00 

253, 

A.  102.  55 

275. 

DELTA  K  B:  27.08 

10.  2 

MAX  C;  19.  92 

5.  62 

D;  33.  41 

27.  3 

ROOT  MEAN  SQUARE 

4.  66 

16.  89 

2.  93 

17,  74 

PERCENT  ERROR 

LIFE  0.  0-0,  5 

PREDICTION  0.  5-0.  8 

RATIO  0.8-1.25  till 

SUMMARY  1.25-2  0 
(NP/NA)  >2.0 


6. 5-40 


CONDITION/HT  1525F  2HRS  OQ,  -100F  2HRS,  1025F  4HRS 
FORM:  4.  00"TH  BILLET  YIELD  STRENGTH:  186.  0-  189.0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  203.  0-  211.0  KSI 

ORIENTATION-  L-T  SPECIMEN  THK:  0.991-  1.000" 

FREOUENCY:  6.00  HZ  SPECIMEN  WIDTH:  6.000-  6.010" 

ENVIRONMENT:  R.  T.  ,  L.  H.  A.  REFERENCES88579,  85837 


AK  (MPA  >/m) 

4  10  40  100 


4  10  40  100 

I  '  I '  I'Pi — r'  I  'Ti'i  ■ 

STRESS  RATIO  =  +0.  50 


4  10  40  100 

AK  (KSI  \/Tn) 


10° 

10 

10’ 

10' 

10'^ 

io" 

10'^ 

10' 

10"* 

io' 

10'® 

10' 

10'® 

10' 

10° 

® 

10' 

10’ 

10’ 

10'^ 

io' 

10'^ 

10' 

10"* 

10‘‘ 

10® 

io’ 

10® 

10® 

AK  (MPA  v/m) 

4  10  40 

■"T'  I  'in 'I — I  MM 

STRESS  RATIO  =  +0.  30 


4  10  40 

1  '  I  '  I'I'I - 1  I  I  M 

STRESS  RATIO  =  -4-0.  70 


Figure  6.5.3.14 
6.5-41 


4  10  40 

AK  (KSI  x/m) 


I 

I 

I 

I 

I 

I 


ALLOY 

STEEL 


HP9-4- 
.  20 


10'^  ^ 


2 
^  -o 

10 

•o 


10'^  -jr 


10'“  « 


TABLE  6.5.3.15 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 5. 3. 15  INDICATING  EFFECT 

OF  STRESS  RATIO 

MATERIAL:  ALLOY  STEEl.  HP9-4-.  30 

CONDITION:  1525F  2HRS  OQ, -lOOF  2HRS.  1025F  4HRS 


ENVIRONMENT:  R.  T. 

,  1007.  HUM 

DELTA  K 

DA/DN  ( 10< 

(KSI*IN**l/2) 

A  B 

R=+0.  30  R=+0.  50 

A 

7.  60 

.  371 

DELTA  K  B 

6.  77 

.  615 

MIN  C 

D 

7.  00 

.  670 

8.  00 

.  371  .  923 

9.  00 

.  532  1 .  20 

10.  00 

.  958  1 .  52 

13.  00 

2.  77  2.  80 

16.  00 

4.  68  4.  90 

20.  00 

7.  69  8.  31 

25.  00 

15.  0 

A 

25.  00 

15.  0 

DELTA  K  B 

23.  21 

9.  80 

MAX  C 

ROOT  MEAN 

SQUARE 

19.  42 

17,  66 

PERCENT  ERROR 

LIFE 

0.  0-0  5 

■< 

PREDICTION 

RATIO 

0.  5-0.  8 

0.  8-1.  25 

1 

1 

'•i 

SUMMARY 

1.  25-2  0 

1 

(NP/NA) 

>2.  0 

6.5-42 


CONDITION/HT;  1525F  2HRS  OQ. -100F  2HRS.  1025F  4HRS 
FORM:  4.  00"TH  BILLET  YIELD  STRENGTH:  1 89.  0  KSI 

SPECIMEN  TYPE:  CT  ULT  STRENGTH:  203.  0  KSI 

ORIENTATION:  L-T  SPECIMEN  THK:  0.986-  0.987’ 

FREOUENCY:  1.  00  HZ  SPECIMEN  WIDTH:  7.  400" 

ENVIRONMENT:  R.  T.  .  100Z  HUM  REFERENCES:85837 


AK  (MPA  v/ni) 


STRESS  RATIO  =  +0.  30 


AK  (MPA  Vm) 


STRESS  RATIO  =  +0.  50 


10- i 

2 
.  ■o 

10’^  re 
■o 


STRESS  RATIO 


STRESS  RATIO 


10'^  ^ 


10^  re 


AK  (KSI  >/Tn) 


I'i  jurii  fi .  'j.  i 


AK  (KSI  V^) 


TABLE  6.5.3.16 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 5. 3. 16  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL  HP9-4-.  20 

CONDITION;  1525F  2HRS  QQ, -lOOF  2HRS,  1025F  4HRS 


DELTA  K 
(KSIttIN«-»l/2) 


DA/DN  IN.  /CYCLE) 


DELTA  K  B 
MIN  C 
0 


DELTA  K  B 
MAX  C 
D 


A 

B 

E=  R.  T. 

E=  R.  T. 

L.  H.  A. 

L.  H.  A. 

SP.  THK.  =.  260 •• 

SP.  THK.  =. 

8.  16 

.  393 

9.  68 

.  531 

9.  00 

.  477 

10.  00 

.  688 

.  574 

13.  00 

1.  60 

1.  64 

16.  00 

2.  84 

3.  24 

20.  00 

4.  88 

5.  85 

25.  00 

7.  76 

9.  61 

30.  00 

10.  9 

13.  9 

35.  00 

14.  6 

19.  1 

40.  00 

19.  1 

25.  4 

50.  00 

30.  6 

37.  4 

60.  00 

44.  a 

68.  23 

57.  6 

53.  22 

39.  4 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


14.  12 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  5 
0.  5-0.  8 
0.  B-1.  25 
1.  25-2.  0 
>2.  0 


6.5-44 


CONDITION/HT  1525F  2HRS  OQ, -100F  2HRS,  1025F  4HRS 
FORM:  4.  00"TH  BILLET  YIELD  STRENGTH:  186.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  21 1.  0  KSI 

ORIENTATION  L-T  SPECIMEN  THK: 

STRESS  RATIO:  ■►0.08  SPECIMEN  WIDTH:  6.000" 

FREQUENCY:  6.  00  HZ  REFERENCES:88579,  85837 


AK  (MPA  v/m) 

4  10  40 

I  '  I '  I '  I  n — rrrn 

^V^R^NMENT:  R.  T. 
SP.  *  THK.  260" 


4  10 


40  100 


4  10  40 

AK  (KSI  v/Tn) 


AK  (MPA  Vm) 
4  10  4 

envifIonment  R.  • 

L.  H.  A. 

SP.  THK. -.504" 


4  10  4 


4  10  4 

AK  (KSI  v/Tn) 


Firmro  fi 


6.5-4', 


TABLE  6.5.3.  L7 


FATIGUE  CRAC.K  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  6. 5. 3. 17  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL  HP9-4-. 20 

CONDITION;  i525F  2HRS  03, -i OOF  2HRS,  1025F  4HRS 


DELTA  K 

DA/DN  (10*«— 6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

D 

E=-  65F 

E=  R.  T. 

E^  R.  T. 

E-  R 

L.  H.  A. 

L.  H.  A. 

S.  c.  s. 

S.  T.  W 

A:  14.  63 

1.  45 

DELTA  K 

B:  12.  61 

1.  35 

MIN 

C:  5.  66 

.  101 

D;  5.  62 

6.  00 

.  123 

7.  00 

.  195 

8.  00 

.  288 

9.  00 

.  416 

10.  00 

.  596 

13.  00 

1.  49 

1.  53 

1. 

16.  00 

2.  05 

2.  77 

2.  97 

2. 

20.  00 

4.  96 

5.  44 

5. 

25.  00 

8.  32 

8.  98 

9. 

30.  00 

12.  6 

12.  6 

14. 

35.  00 

18.  4 

16.  0 

19. 

40.  00 

26.  5 

19.  0 

24. 

50.  00 

40.  9 

A;  18.  90 

2.  64 

DELTA  K 

B:  55.  93 

41.  2 

MAX 

C:  41.  08 

19.  6 

D;  43.  29 

27.  £ 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


12.  87 


13.  81 


13.  85 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


O.  0-0  5 
0.  5-0.  8 
0.  8-1.  25 


>2.  0 


6.5-46 


6.  38 


:  w'. Oi  v.- 


CONDITION/HT  1525F  2HRS  OQ.  -100F  2HRS.  1025F  4HRS 

FORM  4.  00"TH  BILLET  YIELD  STRENGTH;  186.  0-  189.0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  203.0-  211.0  KSI 

ORIENTATION  L-T  SPECIMEN  THK:  0.989-  1.000" 

STRESS  RATIO:  -^0-  08  SPECIMEN  WIDTH:  6.  000" 

FREOUENCY:  1.  00  HZ  REFERENCES:85837.  88579 


AK  (MPA  y/m) 

4  10  40  100 


AK  (MPA  y/m) 
4  10  A 


ENVIRONMENT:  -  65®  F. 

L-  H.  A. 


ENVIFlONMENT:  R.  ' 

L.  H.  A. 


4  10  40  100 

— r'M  M'i'i 

RONMENT.  R.  T.  . 


^V^R^NMENT. 


4  10  40 

AK  (KSI  >/m) 


10 

10'^ 

10' 

10"' 

io' 

10'^ 

10’' 

10'® 

10*' 

10° 

® 

10  ‘ 

10’ 

10' 

10'^ 

10 ' 

10-^ 

10' 

10'^ 

io' 

10® 

io’ 

10‘® 

10* 

4  10 


^'^R^NMENT: 


Figure  6.5.3.17 
6.5-47 


4  10  ^ 

AK  (KSI  >/Tn) 


/  .*  .• 


TABLE  6.5.3.18 


fatigue  crack  growth  rates  at  defii-jed  levels 

OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.5.3.18  INDICATING  EFFECT 

OF  FREQUENCY 


MATERIAL:  ALLOY  STEEL  HP9-4-. 20 

CONDITION:  1525F  2HRS  OQ. -lOOF  2HRS,  1025F  4HRS 
ENVIRONMENT:  R.  T.  .  L.  H.  A. 


DELTA 

K 

DA/DN  (10**-6 

IN. /CYCLE) 

(KSHHN**l/2) 

A 

B 

C 

F<HZ)=  0.  10 

F(HZ)=  9.00 

A: 

10.  61 

.  828 

DELTA  K 

B: 

3.  86 

.  0801 

MIN 

C: 

D: 

4.  00 

.  0851 

5.  00 

.  131 

6.  00 

.  199 

7.  00 

.  293 

a.  00 

.  418 

9.  00 

.  578 

10.  00 

.  779 

13.  00 

1.  54 

1.  67 

16.  00 

2.  74 

3.  06 

20.  00 

4.  53 

5.  77 

25.  00 

7.  19 

10.  5 

30.  00 

10.  3 

16.  5 

35.  00 

14.  3 

23.  4 

40.  00 

19.  4 

30.  6 

50.  00 

34.  3 

A; 

58.  49 

49  8 

DELTA  K 

B: 

43.  08 

35.  1 

ROOT  MEAN  SQUARE 

2.  77 

yi 

o 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


O.  0-0  5 
0.  5-0  e 
O.  8-1  25 
1.  25-2.  0 
>2  O 


6.5-48 


CONDITION/HT.  1525F;  2HRS  OQ. -100F  2HRS.  1025F  4HRS 
FORM;  4.  00"TH  BILLET  YIELD  STRENGTH:  186.  0  KSI 

SPECIMEN  TYPE:  CT  ULT,  STRENGTH:  211.0  KSI 

ORIENTATION:  L-T  SPECIMEN  THK:  1.000" 

STRESS  RATIO:  -*-0.08  SPECIMEN  WIDTH:  6.000" 


TAI3LE  6.5.3.19 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  F I  CURE  6 . 5 . 3 . 19  INDICATING  EFFECT 


OF  FREQUENCY 


hv 


m 

i 


MATERIAL:  ALLOY  STEEL  HP9-4-.  20 

CONDITION;  152DF  2HRS  QQ, -lOOF  2HRS,  1025F  4HRS 
ENVIRONMENT.  R.  T.  ,  1007.  HUH 


DELTA  K 

DA/DN  (10-* 

(KSI-if-IN*»l./2) 

A 

B 

F(HZ)=  0.  10 

F<HZ)=  1. 

A 

10.  13 

.  423 

delta  .K  B 

9.  79 

.  555 

MIN  C 

D 

10.  00 

.  623 

13.  00 

1.  54 

2.  09 

16.  00 

3.  44 

4.  22 

20.  00 

6.  63 

7.  39 

25.  00 

11.0 

11.2 

30.  00 

15  4 

14.  9 

35.  00 

20.  1 

IS.  9 

40.  00 

25.  2 

24.  1 

50.  00 

38  5 

40.  6 

A 

55.  79 

49.  0 

DELTA  K  B 

59.  72 

72.  6 

MAX  C 

d 

ROOT  MEAN 

SQUARE 

6.  79 

10  69 

D 


PERCENT  ERROR 


CONDITION/HT:  1525F  2HRS  OQ. -100F  2HRS.  102bF  4HRS 


FORM:  4.  00"TH  BILLET 

SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
STRESS  RATIO:  -*-0.  08 
ENVIRONMENT:  R.  T.  ,  100Z  HUM 


YIELD  strength  106.0-  189.0  KSI 
ULT  strength  203.0-  211.0  KSI 
SPECIMEN  THK  0.  909-  1.  000" 

SPECIMEN  WIDTH  6.000" 
REFERENCES  08579.  85037 


ALLOY 

STEEL 


HP9-4- 
.  20 


TABLe  6.5.3.20 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 5. 3. 20  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL.  ALLOY  STEEL 
CONDITION:  1 525F  2HRS 
ENVIRONMENT:  -  65F. L. 

HP9-4-.  20 

OQ, -lOOF  2HRSi  1025F  4HRS 

H.  A. 

DELTA  K 

DA/DN  <10**-6  IN.  /CYCLE) 

t  KSI  *IN-»t-*l  /  2 ) 

ABC 

D 

R=+0.  08 

A.  17.  18 

2.  64 

DELTA  K  B: 

MIN  C: 

D: 

20.  00 

3.  33 

25.  00 

4.  96 

30.  00 

7.  27 

35.  00 

10.  5 

40.  00 

14.  9 

50.  00 

27.  8 

60.  00 

47.  3 

70.  00 

74.  3 

80.  00 

109. 

A.  36.  98 

138. 

DELTA  K  B: 

MAX  C: 

D. 

ROOT  MEAN  SQUARE 

4.  77 

PERCENT  ERROR 

LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 

RATIO  0.  8-1.  25  1 

SUMMARY  1.25-2.0 
(NP/NA)  >2.0 


6.5-52 


CONDITION/HT:  1525F  2HRS  OQ.  -100F  2HRS.  1025F  4HRS 


FORM:  4.  00"TH  BILLET 

SPECIMEN  TYPE:  CT 
ORIENTATION:  T-L 
FREQUENCY:  1.  00  HZ 

ENVIRONMENT:  -  65®  F,  L.  H.  A. 


AK  (MPA  -s/m) 

4  10  40  100 


4  10  40  100 

I  ■'T'T'in - 1  I  1  '  I'I'I  ' 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  -v/Tn) 


YIELD  STRENGTH:  108.  0  KSI 
ULT.  STRENGTH:  204.  0  KSI 
SPECIMEN  THK:  1.  000" 
SPECIMEN  WIDTH:  6.  000" 
REFERENCES:8B579 


AK  (MPA  -s/m) 
I  10  A 


10° 

(D 

10’ 

10 

10'^ 

Iff 

10'^ 

Iff' 

Iff'' 

iff 

10'^ 

10* 

10'® 

Iff 

Iff 

4  10 

I  -■'“rT-ni — 

STRESS  RATIO  = 


4  10  40 

I r  n '  I  'I  r^T 

STRESS  RATIO  = 


Figure  6.5.3.20 


4  10  ^ 

AK  (KSI  -s/m) 


ALLOY 

STEEL 


Hpg-4- 
.  20 


10-=  I 


TABLE  6.5.3.21 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 5. 3. 21  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL;  ALLOY  STEEL 
CONDITION;  1525F  2HRS 
ENVIRONMENT;  R.  T  , L. 

HP9-4-.  20 

QQ, -lOOF  2HRSi  1025F  4HRS 

H.  A. 

DELTA  K 

DA/DN  (i0**-6  IN.  /CYCLE) 

(KSIi^IN'K-*l/2) 

ABC 

D 

R=+0.  05 

A:  24.  44 

2.  98 

DELTA  K  B: 

MIN  C; 

D; 

25.  00 

3.  70 

30.  00 

9.  15 

35.  00 

13.  3 

40.  00 

17.  9 

50.  00 

29.  7 

60.  00 

47.  1 

70.  00 

74.  0 

SO.  00 

116. 

90.  00 

175. 

A;  97.  82 

236. 

DELTA  K  B; 

MAX  C; 

D; 

ROOT  MEAN  SQUARE 

16.  46 

PERCENT  ERROR 

LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  S 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0  1 

(NP/NA)  >2.  0 


I 


I 


I 


r 


I 


CONDITION/HT.  1525F  2HRS  OQ,  -100F  2HRS,  1025F  4HRS 
FORM;  4.  00" TH  BILLET  YIELD  STRENGTH:  188.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  204.  0  KSI 

ORIENTATION:  T-L  SPECIMEN  THK;  2.  000" 

FREQUENCY:  1.00  HZ  SPECIMEN  WIDTH:  5.810" 

ENVIRONMENT:  R.  T.  .  L.  H.  A.  REFERENCES8857g 


ALLOY 

STEEL 


HP9-4- 
.  20 


2 


10  ^ 


10^  ^ 
TD 


'  FlUim.'l  t-  IFFI  SI  EC  YIELD  - SPECIMEN - CRACK  STAN  TEST 

hOPM  rm.  K  IKtiP  OR  STR  ENVIRONMENT  UIDTH  THICK  DESIGN  LENGTH  K<Q)  K<ISCC)  MEAN  DEV  TIME  DATE  REFER 


•NOIE-DATA  WHICH  DO  NOT  MEET  MINIMUM  SPECIMEN  THICKNESS  REQUIREMENTS  OF  2.  5<KISCC/TVS ) SQUARED 


o  o  o  o 
o  o  o  o 


N  (h  «-!  m 
(h  K  o  N 


o  o  o  o 
o  o  o  o 


X  *- 

u  o  - 
<  z  z 
e:  uj  —  < 

o  J  w 

I 


I  I  i  I 
I  t  I  I 
till 
till 


a  <j  u  u 
Q  o  S  o 

o  o  o  o 
coop 
o  o  o  o 


1  253 

■  3  w 


P  p  o  o 
Poop 
o  P  o  P 


I  I  I  I 
I  I  I  I 
I  t  I  I 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFI^4ED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  6.6. 3.1  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL  HP9-4-. 

CONDITION:  ANNEALED 

20(CEVM) 

DELTA  K 

DA/DN  (10w*-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

E=  R.  T. 

E=  R.  T. 

LAB  AIR 

SIM.  SEA  WATER 

5-10H2 

1-20HZ 

A:  10.  59 

1.  04 

DELTA  KB:  1 1 .  52 

1.  04 

MIN  C: 

D: 

13.  00 

2.  03 

1.  59 

16.  00 

3.  62 

3.  03 

20.  00 

6.  19 

5.  56 

25.  00 

9.  93 

9.  51 

30.  00 

14.  2 

14.  2 

35.  00 

18.  9 

19.  6 

40.  00 

24,  2 

25.  8 

50.  00 

37.  0 

40.  7 

60.  00 

53.  7 

59.  8 

70.  00 

75.  6 

80.  00 

104. 

A:  89.  69 

141. 

DELTA  KB:  63.  26 

67.  1 

MAX  C: 

D: 

ROOT  MEAN  SQUARE 

7.  22 

9,  60 

PERCENT  ERROR 

LIFE  0.  0-0.  D 

PREDICTION  O.  5-0  8 

RATIO  O.  8-1  25  2  2 

SUMMARY  1.25-2.0 
(NP/NA)  >2  O 


CONDITION/HT;  ANNEALED 
FORM;  3.00"TH  FORGING 
SPECIMEN  TYPE:  CT 
ORIENTATION  L-T 
STRESS  RATIO:  +0.  10 
FREQUENCY: 


AK  (MPA  -v/rn) 

4  10  40  100 

"I  '  M  I  'IT  I  '  I  '  I  'iM 

ENVIRONMENT:  R.  T.  . 

LAB  AIR 
5-10H2 


4  10  40  100 


4  10  40  100 

AK  (KSI  >/Tn) 


YIELD  STRENGTH:  191.  8  KSI 
ULT,  STRENGTH:  204.  2  KSI 
SPECIMEN  THK;  0.  997-  1.  003" 

SPECIMEN  WIDTH:  7.  400" 
REFERENCES:NC002 


AK  (MPA  -v/m) 
4  10  4 

\  1=  I  '  j  I  iM'i — 

’  -  ENVIRONMENT:  R.  1 
SIM.  SEA  'WATER 
-2  “  1-20H2 


4  10 


Fiqure  6.6. 3. i 


4  10  ^ 

AK  (KSI  <«/m) 


ALLOY 

STEEL 


HP9-4- 
20  CCEVM 


TABLE  6.6. 3. 2 


6.6-4 


CONDITION/HT: 

ANNEALED 

ALLOY 

FORM:  3.  00" 

SPECIMEN  TYPE: 
ORIENTATION  T 

TH  FORGING 

CT 

-L 

YIELD  STRENGTH:  192.  2  KSI 

ULT.  STRENGTH:  204.8  KSI 

SPECIMEN  THK:  1.003-  1.004" 

STEEL 

STRESS  RATIO: 
FREQUENCY: 

-»-0.  10 

SPECIMEN  WIDTH:  7.  400" 
REFERENCES:NC002 

HP9-4- 

20  ccevm; 

AK  (MPA  -x/m) 

4  10  40  100 

I  '  f  l'l'l - 1  '  I  I  MI'I 

ENVIRONMENT:  R.  T.  . 

LAB  AIR 
10-15HZ 


4  10  40  100 

I  '  I  '  MI'I - 1“'  I  MT'I'" 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  >/Tn) 


AK  (MPA  Vm) 
4  10  4( 

1  t  I  '  j  '  MI'I — 

'  _  ENVIRONMENT  R.  T 
SIM.  SEA  WATER 
-2“  1-10HZ 


10 
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10* 
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10° 
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4  10  40 

"T-n-nTT - T"^ 

ENVIRONMENT: 


Fiqurc  6.6. 3.2 


4  10  4 

AK  (KSI  v^) 


10'^  ^ 


GROWTH  RATE  AT  DEFINED  LEVELS  OF  THE  STRESS- I NTENS 


IGL'E  CR>\tH  GROWTH  RATE  AT  DEFINED  LEVELS  OF  THE  STRESS- 1 NTEN5 1  TV  FACTOR 


TABLE  6.8.1.12 

FArieUE  CRACK  GROUTH  RATE  AT  DEFINED  LEVELS  OF  THE  STRESS- I NTENS I T Y  FACTOR 

ALLOY  STEEL  HP9-4-  30 
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TABLE  6.8.3. 1 


MATERIAL;  ALLOY  STEEL 
CONDITION: 


FATIGUE  CRACK  GROWTH  RATES  .AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 8. 3.1  INDICATING  EFFECT 

OF  ENVIRONMENT 


LOY  STEEL  HP9-4-.  30 


DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

E=  R.  T. 

E=  R.  T. 

E=  R.  T. 

H20  SATURATED 
JP-4  FUEL 

DIST.  WATER 

3.  57.  NACL 

A 

16.  82 

1.  76 

DELTA 

K 

B 

14.  06 

.  486 

MIN 

C 

12.  13 

.  768 

D 

13.  00 

.  880 

16.  00 

1.  09 

1.  50 

20.  00 

2.  49 

2.  86 

3.  02 

25.  00 

4.  93 

5.  39 

6.  14 

30.  00 

9.  01 

8.  58 

10.  2 

A 

32.  11 

11.  1 

DELTA 

K 

B 

32.  59 

10.  9 

MAX 

C 

31.  67 

11.  6 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


7.  46 


16.  31 


10.  25 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  5 
O.  5-0.  a 
0.  8-1.  25 
1.  25-2.  0 
>2.  0 


6.8-16 


CONDITION/HT; 

FORM:  0.  63"TH  PLATE 

SPECIMEN  TYPE:  DCB 
ORIENTATION  T-L 
STRESS  RATIO:  -^0.  00 
>>>  FREOUENCY:  15.  00  HZ 


AK  (MPA  Vm) 

4  10  40  100 

I  '  I '  I'i'i — r-’  J  M'l'i 

Ip-4 

FUEL 


4  10  40  100 


.  ■  R.  t. ; 


4  10  40  100 

AK  (KSI  -s/Tn) 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK: 
SPECIMEN  WIDTH: 
REFERENCES38140 


AK  (MPA  v/m) 
4  10  4 

-r'rprrm — 

ENVIRONM^:  R.  1 
DIST.  WATER 


4  10  40 


Figure  6. 8. 3.1 


6.8-17 


4  10  ^ 

AK  (KSI  v/Tn) 


ALLOY 

STEEL 


HP9-4- 
.  30 


10'^  ^ 


10'^  1 


,0=1 


10'^  « 


_  iT-  »  _  -■ 


TABLE  6.8. 3.2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 8. 3. 2  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL  HP9-4-. 

CONDITION: 

30 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

E=  R.  T. 

E=  R.  T. 

E=  R.  T. 

H20  SATURATED 

ALT.  JP-4  FUEL 

DIST.  WATER 

JP-4  FUEL 

&  DIST.  WATER 

A:  32.  39 

17.  4 

DELTA  KB:  31.  49 

16.  3 

MIN  C:  33.  22 

25.  6 

D: 

35.  00 

19.  8 

23.  3 

25.  7 

40.  00 

25.  3 

32.  8 

28.  7 

50.  00 

49.  2 

60.  1 

51.  7 

60.  00 

131. 

141. 

136. 

70.  00 

480. 

474. 

472. 

80.  00 

2264. 

1984. 

A:  79.  89 

2259. 

DELTA  K  B:  32.06 

3250. 

MAX  C:  81.  07 

2335. 

D: 

ROOT  MEAN  SQUARE 

15.  69 

20.  13 

13.  20 

PERCENT  ERROR 

LIFE  0.  0-0.  5 
PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 


6.8-19 


TABLE  6. 8. 3. 3 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 8. 3. 3  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL  HP9-4-. 

CONDITION: 

30 

DELTA  K 

DA/DN  <10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

E=  R.  T. 

E=  R.  T. 

3.  5X  NACL 

S.  T.  W. 

A:  33.  69 

16.  1 

DELTA  KB:  33.  79 

17.  7 

MIN  C: 

D: 

35.  00 

18.  3 

20.  1 

40.  00 

26.  9 

31.  2 

50.  00 

53.  6 

67.  0 

60.  00 

135. 

171. 

70.  00 

478. 

574. 

80.  00 

2374. 

A:  81.70 

3215. 

DELTA  K  B:  74.63 

1106. 

MAX  C: 

D; 

ROOT  MEAN  SQUARE  19.  65  8.  94 

PERCENT  ERROR 


D 


CONDITION/HT. 

FORM:  0.  63  "TH  PLATE 

SPECIMEN  TYPE;  DCS 
ORIENTATION  T-L 
STRESS  RATIO:  ■►0.10 
-FREQUENCY;  1.00  HZ 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK: 
SPECIMEN  WIDTH: 
REFERENCES:88140 


ALLOY 

STEEL 


HP9-4- 
.  30 


AK  (MPA  >/m) 

4  10  40  100 


R.  t.  . 


°  -dl0' 


4  10  40  100 

I  '  I ' I'i'i — rT-f'Frr" 

ENVIRONMENT; 


4  10  40  100 

AK  (KSI  >/Tn) 


AK  (MPA  v/m) 
4  10  4 

j  MM  'PI — 
ENVIRONMENT:  R.  I 

S.  T.  W. 


10° 

10  ‘ 

10*’ 

10' 

10'^ 

.4 

10 

10'^ 

io' 

10’^ 

■( 

10 

10‘® 

io’ 

10’° 

10'’ 

4  10 

'  I'I'I 

ENVIRONMENT; 


Figure  6. 8. 3. 3 
6.8-21 


4  10  i 

AK  (KSI  >/Tn) 


10'^  ^ 


10’'*  1 
■o 


10'^  ^ 


z 

^  "D 

10  TO 
•D 


TABLE  6. 8. 3. 4 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6, 8. 3. 4  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL  HP9-4-. 

CONDITION; 

30 

DELTA  K 

DA/DN  <10**-6 

IN.  /CYCLE) 

<KSI*IN**l/2) 

A 

B 

C 

D 

E=  R.  T. 

E=  R.  T. 

E=  R.  T. 

E=^  R.  T. 

H20  SATURATED 

DIST.  WATER 

3.  57.  NACL 

S.  T.  W. 

JP-4  FUEL 

A:  42.  02 

37.  3 

DELTA  KB:  32.  63 

172. 

MIN  C;  33.  47 

81.  3 

0;  32.  86 

74.  2 

35.  00 

206. 

84.  1 

104. 

40.  00 

264. 

93.  6 

165. 

50.  00 

67.  7 

336. 

114. 

208. 

60.  00 

141. 

380. 

135. 

203. 

70.  00 

510. 

430. 

156. 

214. 

80.  00 

3795. 

268. 

A:  81.35 

5261. 

DELTA  KB:  74.  25 

459. 

MAX  C:  74.38 

165. 

D:  80.  85 

275. 

ROOT  MEAN  SQUARE 

27.  30 

14.  62 

6.  96 

22.  52 

PERCENT  ERROR 

LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  S 
RATIO  0.8-1.25 
SUMMARY  1.25-2.0 
<NP/NA)  >2.0 


CONDITION/HT; 

FORM:  0.  63"TH  PLATE 

SPECIMEN  TYPE:  0C3 
ORIENTATION-  T-L 
STRESS  RATIO:  ■*•0.  10 
FREQUENCY:  0.  10  HZ 


AK  (MPA  y/m) 

4  10  40  100 

!"■  '"FTTI - 1  I  I  '  I'I'I 

Ik-4 

FUEL 


4  10  40  100 


4  10  40 

AK  (KSI  >/7n) 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK; 
SPECIMEN  WIDTH: 
REFERENCES:8ei40 


AK  (MPA  -v/m) 
4  10  4 

I  M'l'Mi — 
ENVmONMENT:  R.  1 
DIST.  WATER 


4  10  40 


Figure  6. 8. 3. 4 


6.8-23 


4  10  -i 

AK  (KSI  V^) 


ALLOY 

STEEL 


HP9-4- 
.  30 


10'^  ^ 


TABLE  6. 8. 3. 5 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6, 8. 3. 5  INDICATING  EFFECT 

OF  ENVIRONMENT 
LOY  STEEL  HP9-4-.  30 


MATERIAL;  ALLOY  STEEL 
CONDITION: 


DELTA  K 
(KSHHN**l/2) 

DA/DN  {10**-6  IN.  /CYCLE) 

A 

B  C 

D 

E-=  R.  T. 

3.  57,  NACL 

E*  R.  T. 

S.  T.  W. 

DELTA  K  B 
MIN  C 
D 


17.  66 
17.  33 


20.  00 
25.  00 
30.  00 
35.  00 
40.  00 


7.  08 


11.  3 
14.  4 
20.  4 
51.  2 
251. 


5.  32 


9.  57 
15.  8 
24.  4 
48.  1 
130. 


ii 

•  •  •  • 

A; 

DELTA  K  B: 
MAX  C; 

D; 

43.  14  : 

43.  96  . 

946. 

360. 

sV-'. 

I***.*-'. 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 

15.  04 

9.  73 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 

0.  0-0  5 

0.  5-0  a 

0.  8-1.  25 

1.  25-2.  0 
>2.  0 

6.8-24 


CONDITION/HT: 

FORM:  0.  63"TH  PLATE 

SPECIMEN  TYPE:  DCB 
ORIENTATION  T-L 
STRESS  RATIO:  -^0.  50 
FREOUENCY:  1.  00  HZ 


YIELD  STRENGTH: 
ULT,  STRENGTH: 
SPECIMEN  THK: 
SPECIMEN  WIDTH: 
REFERENCES:08140 


TABLE  6. 8.  3. 6 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 8. 3. 6  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL  HP9-4-. 

CONDITION; 

30 

DELTA  K 

DA/DN  (10*»-6  IN./  CLE) 

(KSI*IN*»l/2) 

A 

B  D 

E=  R.  T. 

E=  R.  T. 

H20  SATURATED 

DIST.  WATER 

JP-4  FUEL 

A:  17.  61 

5.  31 

DELTA  KB.  17.  35 

17.  0 

MIN  C: 

D; 

20.  00 

7.  88 

24.  0 

25.  00 

13.  0 

31.  8 

30.  00 

24.  3 

37.  3 

35.  00 

63.  4 

45.  6 

40.  00 

240. 

61.  2 

A:  44.  83 

1210. 

DELTA  K  B:  42.  67 

74.  9 

MAX  C: 

D; 

ROOT  MEAN  SQUARE 

23.  03 

12.  53 

PERCENT  ERROR 

LIFE  O.  0-0.  5 

PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1 .  25-2.  0 
(NP/NA)  >2.  0 


ikin 

If- 

i 


6.8-26 


'  -*•  *  •*'  -'v  •  •'*"^**  •' 


w.-  _*• 


r-  A , 


Figure  6.8. 3.6 


TABLE  6. 8. 3. 7 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.8. 3.7  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL;  ALLOY  STEEL  HP9-4-. 

CONDITION: 

30 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

D 

E=  R.  T. 

E=  R.  T. 

E=  R.  T. 

DRY  AIR 

H20  SATURATED 

3.  5%  NACL 

JP-4  FUEL 

A:  19.  49 

4.  31 

DELTA  K  B;  19.  18 

7.  07 

MIN  C;  19.  21 

15.  1 

D; 

20.  00 

7.  16 

8.  46 

18.  7 

25.  00 

13.  2 

15.  5 

37.  6 

30.  00 

19.  2 

25.  4 

48.  0 

35.  00 

45.  4 

57.  1 

59.  1 

40.  00 

213. 

195. 

82.  0 

A:  46.  29 

3988. 

DELTA  KB:  48.  48 

4021. 

MAX  C;  45.  63 

145. 

D: 

ROOT  MEAN  SQUARE 

33.  08 

35.  71 

17.  05 

PERCENT  ERROR 

LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA>  >2.  0 


CONDITION/HT; 

FORM:  0.63"TH  PLATE 

SPECIMEN  TYPE:  DCB 
ORIENTATION  T-L 
STRESS  RATIO:  *0.  50 
FREQUENCY:  0.  10  HZ 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK: 
SPECIMEN  WIDTH: 
REFERENCES:88140 


ALLOY 

STEEL 


HP9-4- 
.  30 


AK  (MPA  v/m) 

4  10  40  100 


4  10  40  100 

“FWl - 1  M  '  I'I'I 

RONMENT-  R.  T.  , 


4  10  40  100 

AK  (KSI  -s/Tn) 


10° 

(D 

10 

10’ 

10'^ 

10' 

10-^ 

10 ' 

10' 

10'“ 

10* 

10® 

10' 

10'° 

10'* 

10° 

® 

10‘ 

10’ 

10'^ 

10’ 

10'^ 

io' 

10' 

10'* 

io‘ 

10'® 

io' 

10® 

10* 

AK  (MPA  Vm) 

4  10  40 

I  — I  '  r'T 

ENVIRONMENT:  R.  T.  , 
H20  SATURATED  JP-4 
FUEL _ 

I  a 


4  10  40  100 

1  '  I  '  I'I'I - 1  '  I  'l'l'l 

ENVIRONMENT: 


Figure  6.8. 3.7 


4  10  40 

AK  (KSI  v/ln) 


10'^  ^ 


lO''*  1 


I  .2 
10  ^ 


10’*  w 


6.8-29 


TABLE  6, 8. 3. 8 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 8. 3. 8  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  ALLOY  STEEL 
CONDITION; 


HP9-4-.  30 


CONDITION/HT; 

FORM;  0.  63"TH  PLATE 
SPECIMEN  TYPE:  DCB 
ORIENTATION-  T-L 
STRESS  RATIO:  +0.  80 
FREQUENCY:  1.  00  HZ 


AK  (MPA  y/m) 

4  10  40  100 

I  '"T’'T1T1 - 1 

ENVIRONMENT;  R-  T.  . 

DRY  AIR 


4  10  40  100 

I  '  I ' I'i'i — m"nw 

ENVIRONMENT; 


4  10  40  100 

AK  (KSI  >/m) 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK: 
SPECIMEN  WIDTH: 
REFERENCES:88140 


10° 

10^ 

10’ 

10° 

10'^ 

10^ 

10'^ 

10® 

lO"* 

10® 

10'® 

10'^ 

10'® 

10-® 

10° 

® 

10^ 

10’ 

10° 

10'^ 

io‘ 

10'^ 

10® 

10'^ 

10® 

10‘® 

10'^ 

10'® 

10® 

4  10 

I  '  I  '  I'I'I - 

ENVIRONMENT: 


10'^  ^ 


z 

^  -O 

10'^  « 
•D 


4  10  ‘ 

AK  (KSI  >/m) 


Figure  6. 8. 3. 8 


■-  . 


6.8-31 


TABLE  6. 8. 3. 9 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 8. 3. 9  INDICATING  EFFECT 

OF  ENVIRONMENT 

MATERIAL;  ALLOY  STEEL  HP9-4-.  30 
CONDITION: 


DELTA  K 
(KSI*IN*»l/2) 


DELTA  K  B 
MIN  C 
D 


DELTA 

MAX 


7.  53 


E=  R.  r. 
3.  57.  NACL 

9.  22 


a.  00 

15. 

9.  00 

37. 

10.  00 

71. 

13.  00 

201. 

16.  00 

287. 

20.  00 

293. 

20.  05 

293. 

DA/DN  {10**-6  IN.  /CYCLE) 
B  C 


ROOT  MEAN  SQUARE  23.  29 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  S 
RATIO  O.  8-1.  25 


CONDITION/HT: 

FORM:  0.  63-TH  PLATE 

SPECIMEN  TYPE;  DCB 
ORIENTATION  T-L 
STRESS  RATIO:  •<■0.  80 
FREQUENCY:  0.  10  HZ 


YIELD  STRENGTH: 
ULT.  STRENGTH; 
SPECIMEN  THK; 
SPECIMEN  WIDTH: 
REFERENCES;88140 


ALLOY 

STEEL 


HP9-4- 
,  30 


TA/3Lh;  6.8.3.10 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.8. 3. 10  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL 
CONDITION: 


HP9-4 


DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

E=  R.  T. 

E=  R.  T. 

E=  R.  T. 

LAB 

AIR 

LAB  AIR 

3.  57.  NACL 

IHZ 

10H2 

IHZ 

A 

21.  66 

6.  29 

DELTA 

K 

B 

12.  31 

.  880 

MIN 

C 

21.  78 

5.  82 

D 

13.  00 

1.  05 

16.  00 

1.  96 

20.  00 

3.  59 

25.  00 

7.  96 

6.  34 

7.  60 

30.  00 

11.  6 

10.  1 

11.  3 

35.  00 

17.  0 

15.  4 

16.  3 

40.  00 

24.  4 

22.  6 

22.  9 

50.  00 

46.  4 

46.  6 

42.  8 

60.  00 

79.  8 

70.  00 

126. 

A 

75.  97 

159. 

DELTA 

K 

B 

56.  90 

75.  0 

MAX 

C 

55.  81 

59.  4 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION 

0.  5-0.  8 

RATIO 

0.  8-1.  25 

1 

1 

SUMMARY 

1.  25-2.  0 

(NP/NA) 

>2.  0 

6.8-34 

CONDITION/HT: 

FORM;  2.  50-TH  BAR 
SPECIMEN  TYPE;  CT 
ORIENTATION  L-T 
STRESS  RATIO;  ■►0.  02 
FREQUENCY; 


YIELD  STRENGTH;  192.  5  KSI 
ULT.  STRENGTH;  220.  0  KSI 
SPECIMEN  THK;  1.250" 
SPECIMEN  WIDTH.  5.  000" 
REFERENCESS8136 


AK  (MPA  >/m) 

4  10  40  100 


1H2 


4  10  40  100 

I  '  I '  I'l'i — r'M  '|TFr 

IHZ 


4  10  40  100 

AK  (KSI  \/Tn) 


AK  (MPA  ^/m) 
4  10  4 

I  'J'lTFl - \—r- 

ENVIRONMENT.  R.  ^ 

LAB  AIR 

10HZ 


10° 

VS' 

10 

10*’ 

10' 

10'^ 

io' 

10'^ 

10’ 

10'^ 

-( 

10 

10* 

lo' 

10'® 

10* 

4  10 

I  '  I  '  I'I'I - 

ENVIRONMENT; 


4  10  4 

AK  (KSI  v'Tn) 


Figure  6.8.3.10 
6.8-35 


TABL£  6,8.3.11 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.8. 3. 11  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL 
CONDITION: 


HP9-4-.  30 


DELTA 

K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

E=  R.  T. 

E=  R.  T. 

LAB  AIR 

SIM  SEA  WATER 

5-20H2 

.  1-15H2 

A: 

6.  38 

.  no 

DELTA  K 

B. 

20.  13 

1.  96 

MIN 

C: 

D: 

7.  00 

.  138 

a.  00 

.  200 

9.  00 

.  286 

10.  00 

.  399 

13.  00 

.  901 

16.  00 

1.  63 

20.  00 

2.  99 

25.  00 

5.  40 

5.  37 

30.  00 

8.  83 

9.  86 

35.  00 

13.  6 

15.  3 

40.  00 

20.  0 

21.  6 

50.  00 

38.  9 

37.  3 

60.  00 

63.  8 

58.  7 

70  00 

89.  2 

89.  4 

80.  00 

135. 

90.  00 

203. 

100.  00 

306. 

130.  00 

961. 

A: 

71.  24 

92.  1 

DELTA  K 

B: 

139.  67 

1271. 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


18.  91 


16.  17 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

<NP/NA) 


0.  0-0  5 
0.  5-0  8 
O.  8-1  25 
1.  25-2.  O 
>2  O 


6.8-36 


CONDITION/HT: 

FORM;  1.25”TH  FORGING 
SPECIMEN  TYPE;  WOL 
ORIENTATION-  L-T 
STRESS  RATIO;  ■>■0.  02 
FREQUENCY; 


YIELD  STRENGTH;  204.  5  KSI 
ULT.  STRENGTH;  230.  5  KSI 
SPECIMEN  THK;  1.250" 
SPECIMEN  WIDTH;  5.000" 
REFERENCES;MA005 


AK  (MPA  \/m) 

4  10  40  100 


AK  (MPA  v/m) 

4  10  40 

t  I  '  J  '  I'I'I - r~ry 

-  ENVIRONMENT.  R.  t 
SIM  SEA  WATER 
“  .  1-15H2 


10'' 


1,  I  lihh 


10 


I  ■  I  .  ii 


t  I  '  I  'I'I'I 


h  ENVIRONMENT; 


10 


10' 


.-3 


40 

T  '  I  '  Ml 


10'^ 

10® 


J — I  I  1  I  ill 


± 


jJjJ 


4  10  40 

AK  (KSI  v/m) 


Figure  6.8.3. 11 


*  f 


TABLE  6.8.3.12 


fatigue  crack  growth  rates  at  defined  levels 

OF  STRESS  INTENSITY  FACTOR 
DATA  ASSOCIATED  WITH  FIGURE  6.8.3.12  INDICATING  Et^FECI 

OF  ENVIRONMENT 


DELTA  K 
(KSI*IN**l/2) 


E-  R.  T. 
LAB  AIR 
.  1-20HZ 


DA/DN  (10**-6  IN.  /CYCLE) 


E=  R.  T. 

SIM  SEA  WATER 
. 1-15HZ 


DELTA  K  Q 
MIN  C 
D 


7. 

13 

181 

15. 

09 

791 

8. 

00 

208 

9. 

00 

282 

10. 

00 

399 

13. 

00 

979 

16. 

00 

1. 

82 

994 

20. 

00 

3. 

34 

2. 

45 

25. 

00 

5. 

97 

5. 

44 

30. 

00 

9. 

65 

9. 

38 

35. 

00 

14. 

8 

14. 

4 

40. 

00 

21. 

9 

20. 

9 

50. 

00 

45. 

8 

41. 

6 

60. 

00 

95. 

5 

82. 

3 

70. 

00 

205. 

166. 

SO. 

00 

458. 

345. 

90. 

00 

996. 

732. 

100. 

00 

1883. 

1867. 

111. 

38 

3048. 

no. 

08 

9836. 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


20.  12 


19.  19 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0  5 
0.  5-0.  a 
0.  0-1  25 
1.  25-2  0 
>2.  0 


.y.  ••.y^*y-v. 


6.8-38 


CONDITION/HT: 

FORM;  1.25"TH  FORGING 
SPECIMEN  TYPE;  WOL 
ORIENTATION  T-L 
STRESS  RATIO;  *0.  02 
FREQUENCY; 


YIELD  STRENGTH;  206.  0  KSI 
ULT.  STRENGTH;  233.0  KSI 
SPECIMEN  THK:  1.250" 
SPECIMEN  WIDTH;  5.000" 
REFERENCES;MA005 


AK  (MPA  Vrn) 

4  10  40 


AK  (MPA  VfTi) 
4  10  4 


ENVIRONMENT; 

LAB  AIR 
. 1-20HZ 


/  -  ENVIRONMENT;  R. 

SIM  SEA  WATER 
.2  ~  .  1-15HZ 


4  10  40 


4  10  40 

AK  (KSI  >/Tn) 


—  10- 


4  10  4 


4  10  1 

AK  (KSI  V’li.) 


Figure  6 . B . 3.12 


6.8-3) 


TABLF  6.8.3.13 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFIh4ED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.8. 3. 13  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL;  ALLOY  STEEL  HP9-4 

CONDITION;  UTS=220-240KSI 
ENVIRONMENT;  R.  T.  .  L.  H,  A. 


DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

R=-l.  00 

R=+0.  00 

R=+0.  50 

A;  11.  76 

.  708 

DELTA  K 

B;  11.75 

.  562 

MIN 

C;  5.78 

.  191 

D; 

6.  00 

.  213 

7.  00 

.  336 

8.  00 

.  497 

9.  00 

.  700 

10.  00 

.  948 

13.  00 

1.  01 

.  835 

1.  98 

16.  00 

1.  94 

1.  72 

3.  49 

20.  00 

3.  62 

3.  34 

6.  26 

25.  00 

6.  31 

5.  92 

10.  9 

30.  00 

9.  64 

B.  99 

16.  8 

35.  00 

13.  6 

12.  5 

23.  8 

40.  00 

18,  4 

16.  5 

31.  6 

50.  00 

30.  0 

25.  9 

49.  3 

60.  00 

43.  0 

37.  9 

70.  00 

61.  4 

53.  4 

80.  00 

99.  2 

73.  2 

90.  00 

98.  8 

100.  00 

132. 

A;  85.  73 

141. 

DELTA  K 

B:  118.  22 

283. 

MAX 

C;  58.  56 

65.  7 

ROOT  MEAN  SQUARE 

1 1.  42 

13  18 

10.  66 

PERCENT  ERROR 

LIFE 

0.  0-0 

5 

PREDICTION 

0.  5-0 

8 

RATIO 

0.  8-1 

25 

SUMMARY 

1  25-2 

0 

(NP/NA) 

>2. 

0 

6. R-40 

CONDITION/HT:  UTS-220-240KSI 
FORM:  3.  20"TH  BILLET 

SPECIMEN  TYPE:  CCP 
ORIENTATION:  L-T 
FREQUENCY:  10.  00  HZ 

ENVIRONMENT:  R.  T.  .  L.  H.  A. 


YIELD  STRENGTH:  210.  5-  212.0  KSI 
ULT.  STRENGTH:  228.5-  229.0  KSI 
SPECIMEN  THK:  0.  250" 

SPECIMEN  WIDTH:  3.900-  4.000" 

REFERENCES:MA007.  MA010 


AK  (MPA  v/rrT) 

4  10  40  100 


AK  (MPA  v/m) 
4  10  4 


4  10  40  100 


4  10  40  100 

AK  (KSI  >/Tn) 


4  10 


F iuuro  G . B . 3 . 1 3 


4  10  A 

AK  (KSI  >/m) 


G.H-.U 


TABLE  6.8.3.14 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.8. 3. 14  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL: 

ALLOY  STEEL  HP9-4-.  30 

CONDITION 

UTS=220- 

-240KSI 

ENVIRONMENT:  R.  T. 

,  3.  5*/.  NACL 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

<KSI*IN**l/2) 

A  B  C  D 

O 

O 

1 

II 

a: 

A 

12.  51 

.  87 

DELTA  K  B 

MIN  C 

D 

13.  00 

1.  02 

16.  00 

1.  65 

20.  00 

2.  88 

25.  00 

5.  84 

30.  00 

10.  6 

35.  00 

16.  7 

40.  00 

23.  0 

50.  00 

33.  9 

60.  00 

45.  6 

70.  00 

63.  7 

80.  00 

96.  1 

90.  00 

158. 

A 

93.  29 

189. 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

27.  30 

PERCENT 

ERROR 

LIFE  0.  0-0.  5 

PREDICTION  O.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA>  >2  0 


6.8-42 


CONDITION/HT;  UTS-220-2 40KS I 
FORM:  3.  20"TH  BILLET 

SPECIMEN  TYPE:  CCP 
ORIENTATION:  L-T 
FREQUENCY:  0.  10  HZ 

ENVIRONMENT:  R.  T.  .  3.  5X  NACL 


YIELD  STRENGTH:  212.  0  KSI 
ULT.  STRENGTH:  229.  0  KSI 
SPECIMEN  THK:  0.250" 
SPECIMEN  WIDTH:  4.  000" 
REFERENCES:MA007 


AK  (MPA  v/m) 

4  10  40  100 


4  10  40  100 

I  '  I  '  MI'I - 1  '  I  '  I'I'I 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  -s/m) 


10° 

id 

10’ 

10' 

10'^ 

io" 

lo"’ 

id 

10“ 

10 

10'^ 

Id 

10'® 

Id 

10° 

® 

id‘ 

10’ 

Id 

10'^ 

Id' 

10'^ 

id 

10‘“ 

-e 

10 

10'® 

io’ 

io-« 

10* 

AK  (MPA  -v/m) 
4  10  4 

I  I  I '  m — r~<- 

STRESS  RATIO  = 


4  10 

I  '  I  M'i'i — r 

STRESS  RATIO  = 


4  10  i 

AK  (KSI  >/m) 


Figure  6.8.3.14 
6.8-43 


MATERIAL:  ALLOY  STEEL  HP9-4-. 30 

CONDITION:  TUS=220-a40KSI 


DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN*iH./2) 

A 

e 

C 

E=  R.  T. 

E=  R.  T. 

E=  R.  T. 

ALT 

immersion 

ALT  IMMERSION 

ALT  IMMERSION 

IN 

SEA  WATER- 

IN  SEA  WATER- 

IN  SEA  WATER- 

1ST 

HALF  DRY 

2ND  HALF  DRY 

IMMERSED 

CYC 

CYC 

A 

11.  34 

.  535 

DELTA 

K 

B 

11.  28 

.  357 

MIN 

C 

11.  21 

.  416 

D 

13.  00 

.  771 

.  665 

.  782 

16.  00 

1.  62 

1.  54 

1.  72 

20.  00 

3.  28 

3.  27 

3.  51 

25.  00 

5.  63 

5.  83 

6.  22 

30.  00 

9.  59 

8.  63 

8.  97 

35.  00 

12.  5 

13.  2 

12.  2 

40.  00 

18.  9 

16.  9 

50.  00 

30.  7 

A 

35.  32 

12.  1 

DELTA 

K 

B 

43.  89 

20.  0 

MAX 

C 

55.  99 

36.  1 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


21.  34 


19.  96 


15.  01 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  5 
0.  5-0.  8 
0.  8-1.  25 
1.  25-2.  0 


6.8-44 


CONDITION/HT:  TUS-220-240KSI 
FORM:  3.  20"TH  BILLET 

SPECIMEN  TYPE;  CCP 
ORIENTATION-  L-T 
STRESS  RATIO:  -*-0.  00 
FREQUENCY:  10.  00  HZ 


YIELD  STRENGTH: 210.  5  KSI 
ULT.  STRENGTH:  228.  5  KSI 
SPECIMEN  THK:  0.250" 
SPECIMEN  WIDTH:  3.900" 
REFERENCES:MA010 


AK  (MPA  y/m) 

4  10  40  100 


AK  (MPA  Vm) 

4  10  40  100 


ENVIRONMENT;,  R.  t.  . 

ALT  IMMERSION  SEA 
H20-1ST  HALF  DRY  CYC 


4  10  40  100 

I  '  I  '  MI'I - 1  'i'I'I'l 

WiWMMioS-  SEA 
H20- IMMERSED 


4  10  40  100 

AK  (KSI  \/Tn) 


/  _  ENVIRONMENT:  R.  T.  . 

ALT  IMMERSION  SEA 
-2  “  H20-2ND  HALF  DRY  CYC 


4  10  40  IOC 


Figure  6.8.3.15 


4  10  40  0( 

AK  (KSI  v^) 


6.8-45 


TABLE  6.8.3.16 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.8. 3. 16  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL  HP9-4-. 30 

CONDITION.  TUS=220-240KSI 


DA/DN  (10**-6  IN.  /CYCLE) 


DELTA  K 
(KSI*IN**l/2) 


A 

E=  R.  I . 

ALT  IMMERSION 
IN  SEA  WATER- 
IST  HALF  DRY 
CYC 


B 

E=  R.  T. 

ALT  IMMERSION 
IN  SEA  WATER- 
2ND  HALF  DRY 
CYC 


C 

E=  R.  T. 

ALT  IMMERSION 
IN  SEA  WATER- 
IMMERSED 


A 

15.  92 

.  79 

DELTA 

K 

B 

16.  15 

1.  09 

MIN 

C 

15.  84 

2.  32 

D 

16.  00 

.  768 

2.  40 

20.  00 

1.  54 

2.  70 

4.  71 

25.  00 

4.  11 

5.  59 

7.  74 

30.  00 

7.  80 

8.  98 

11.  4 

35.  00 

12.  3 

12.  6 

16.  3 

40.  00 

17.  3 

16.  6 

22.  1 

50.  00 

29.  0 

25.  8 

34.  4 

60.  00 

43.  4 

38.  2 

43.  0 

70.  00 

55.  8 

A 

68.  44 

58.  9 

DELTA 

K 

B 

78.  64 

77.  6 

MAX 

C 

63.  89 

44.  6 

D 


ROOT  MEAN  SQUARE  46.  54  44.  55  39.  09 

PERCENT  ERROR 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA> 


0.  0-0.  5 
0.  5-0.  8 
0.  8-1.  25 
1 .  25-2.  0 
>2.  0 


CONDITION/HT;  TUS-220-240KSI 
FORM:  3.  20"TH  BILLET 

SPECIMEN  TYPE:  CCP 
ORIENTATION  L-T 
STRESS  RATIO:  *0.  00 
FREOUENCY:  1.  00  HZ 


YIELD  STRENGTH  210.  5  KSI 
ULT.  STRENGTH:  22B.  5  KSI 
SPECIMEN  THK:  0.  250" 
SPECIMEN  WIDTH:  3.  900" 
REFERENCES:MA010 


ALLOY 

STEEL 


HP9-4- 
.  30 


AK  (MPA  -v/m) 

4  10  40  100 

r  "’■"rri'i — r"' rn  'i'i ' 

ENVIRONMENT:  R.  T.  , 

ALT  IMMERSION  SEA 
H20-1ST  HALF  DRY  CYC 


4  10  40  100 

I  '  I  '  I'I'I - 1  '  J'MI'I 

H20- IMMERSED 


4  10  40  100 

AK  (KSI  -v/Tn) 


AK  (MPA  v/m) 

4  10  40  IOC 

\  1=  I  '  J  I  I  1 1 1| - 1  ■'  I  'I'I'I 

'  -  ENVIFIoNMENT:  R.  T.  . 

_  ALT  IMMERSION  SEA 
-2  H20-2ND  HALF  DRY  CYC 


4  10  40  100 


4  10  40  10( 

AK  (KSI  -s/m) 


10‘  ^ 


lO''*  1 


Fiqure  6.8.3.16 


6.H-47 


TABLE  6.8.3.17 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.8. 3. 17  INDICATING  EFFECT 


OF  FREQUENCY 


MATERIAL.  ALLOY  STEEL  HP9- 

CONDITION;  UTS=220-240KSI 
ENVIRONMENT:  R.  T.  .  3.  5*/.  NACL 

4-.  30 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

<KSI*IN**l/2) 

A 

B 

C 

F(HZ)=  0 

.10  F(HZ>=  1.00 

F(HZ>=  10.  00 

A:  12.  78 

2.  26 

DELTA  KB.  12.  97 

1.  34 

MIN  C:  12.  70 

.  813 

D; 

13.  00 

2.  33 

1.  35 

.  859 

16.  00 

3.  66 

2.  45 

1.  46 

20.  00 

6.  21 

4.  25 

2.  74 

25.  00 

9.  50 

7.  00 

5.  25 

30.  00 

12.  8 

10.  5 

8.  77 

35.  00 

16.  7 

15.  1 

13.  1 

40.  00 

21.  6 

21.  3 

17.  8 

50.  00 

36.  3 

41.  1 

27.  7 

60.  00 

59.  5 

78.  4 

40.  6 

70.  00 

94.  7 

149. 

60.  4 

80.  00 

145. 

284. 

93.  9 

90.  00 

206. 

540. 

154. 

100.  00 

260. 

266. 

A:  120.  03 

286. 

DELTA  KB:  95.  98 

791. 

MAX  C:  107.82 

426. 

ROOT  MEAN  SQUARE 

43.  87 

7.  22 

12.  29 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

'NP/NA) 


O.  0-0.  5 
0.  5-0.  8 
0.  8-1.  25 
1.  25-2.  0 
>2.  0 


6.8-48 


CONDITION/HT.  UTS»220-240KSI 

FORM.  3.20"TH  BILLET 
SPECIMEN  TYPE:  CCP 
ORIENTATION:  L-T 
STRESS  RATIO:  -^0.  00 
ENVIRONMENT:  R.  T.  ,  3.  5X  NACL 


AK  (MPA  >/m) 

4  10  40  100 

I  '  I  '  I'I'I - 1  '  I  'MI'I 

FREQUENCY  (Hz)  =  0.  10 


4  10  40  100 

I  '  I'n'n'l - 1  ■  I  '  I'I'I 

FREOUENCY  (Hz)  =  10.  00 


4  10  40  100 

AK  (KSI  y/Tn) 


YIELD  STRENGTH:  212.  0  KSI 
ULT,  STRENGTH:  229.  0  KSI 
SPECIMEN  THK:  0.  250“ 
SPECIMEN  WIDTH:  4.  000" 
R£FERENCES:MA007 


AK  (MPA  y/m) 
4  10  4 


10° 

V5^ 

-2 

10 

10’ 

10° 

10'^ 

-4 

10 

10-^ 

10® 

10'^ 

-6 

10 

10'® 

10’^ 

10'® 

10'® 

10° 

VS' 

10 

10*’ 

10' 

10° 

io' 

10'® 

10' 

10'^ 

.1 

10 

10*® 

10'' 

10'® 

10'* 

4  10 

“f  '  I '  I'Mi — r 

FREQUENCY  (Hz) 


4  10  A 

AK  (KSI  v/Tn) 


Figure  6.8.3.17 
6.8-49 


LIFE 

0.  0-0.  5 

PREDICTION 

0.  5-0.  8 

RATIO 

0.8-1.25  1 

1 

SUMMARY 

1.  25-2.  0 

<NP/NA) 

>2.  0 

6.8-50 

CONDITION/HT  1525F  2HRS  OQ. -100F  IHR,  1025F  2-'-2HR 
FORM  3.  00"TH  FORGED  BAR  YIELD  STRENGTH: 216.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  239.  0  KSI 

ORIENTATION  L-T  SPECIMEN  THK:  0.970-  1.000" 

STRESS  RATIO:  -^0.  00  SPECIMEN  WIDTH:  4.970-  5.010" 

FREQUENCY:  1.  00  HZ  REFERENCES:08579 


ALLOY 

STEEL 


HP9-4- 
.  30 


AK  (MPA  v/m) 

4  10  40  100 


^vm^NMENT:  R. 


4  10  40  100 

I  nfl'l'l - 1  '  I  M'l'l 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  -s/m) 


ENVIRONMENT:  R.  T 

S.  T.  W. 


10 

10'^ 

10' 

lO"* 

10* 

10‘® 

10' 

10® 

10‘ 

10° 

® 

id‘ 

10’ 

10' 

10"^ 

Id' 

10'^ 

Id 

10'^ 

id* 

10® 

Id’ 

10® 

10* 

4  10  40 

1  '  I '  Mi'i  r"^i ' 

ENVIRONMENT: 


Figure  6.8.3.18 
6.8-51 


4  10  4( 

AK  (KSI  >/Tn) 


10'^  ^ 


10’"  ^ 


lO'**  « 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


9  89 


CONDITION/HT:  1525F  2HRS  OQ. -100F  2HRS.  1025F  2-2HR 
FORM:  3.  00"TH  FORGED  BAR  YIELD  STRENGTH:216.  0  KSI 

SPECIMEN  TYPE;  CT  ULT  STRENGTH:  239.  6  KSI 

ORIENTATION:  L-T  SPECIMEN  THK:  0.  970” 

FREQUENCY:  6.00  HZ  SPECIMEN  WIDTH:  4.970" 

ENVIRONMENT:  R.  T.  .  L.  H.  A.  REFERENCES:88579 


AK  (MPA  >/m) 

4  10  40  100 


4  10  40  100 

T^TMT'I - [“^T'T'I'I 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  \/Tn) 


10° 

(D 

10 

10’ 

10' 

10'^ 

10 

10'^ 

10' 

lO'* 

10* 

10'^ 

10‘ 

10® 

10'* 

10° 

® 

10  ‘ 

10’ 

10' 

10'^ 

io' 

lO^* 

10’ 

lO"* 

10* 

10‘® 

io’ 

10® 

10'* 

AK  (MPA  v^) 
4  10  4 

T  '  I '  Mi'i — r~r- 

STRESS  RATIO  = 


4  10 

"r"'"i '  MI'I — r 

STRESS  RATIO  = 


4  10 

AK  (KSI  n/Ih) 


Figure  6.8.3.10 
6.8-53 


ALLOY 

STEEL 


HP9-4- 
.  30 


10'^  ^ 


2 

■D 

lO"*  re 
■o 


10'^  ^ 


10  “’  re 


TABLE  6.8.3.20 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 8. 3. 20  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  ALLOY  STEEL  HP9-4-.  30 

CONDITION:  1550F  2HRS  QQ, -lOOF  IHR, 1025F  2+2HR 
ENVIRONMENT:  R.  T.  ,  L.  H.  A. 


ROOT  MEAN  SQUARE  12.81  11.39 

PERCENT  ERROR 


CONDITION/HT:  1550F  2HRS  OQ. -100F  IHR.  1025F  2+2HR 
FORM:  3.  00''TH  FORGED  BAR  YIELD  STRENGTH:  1 98.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  220.0  KSI 

ORIENTATION:  L-T  SPECIMEN  THK:  0.988-  0.993' 

FREQUENCY:  6.00  HZ  SPECIMEN  WIDTH:  7.  400" 

ENVIRONMENT:  R.  T.  .  L.  H.  A.  REFERENCES:85837 


AK  (MPA  Vm) 


STRESS  RATIO 


AK  (MPA  Vm) 


STRESS  RATIO  =  -,-0.  50 


10'^  ^ 


STRESS  RATIO 


AK  (KSI  v/m) 


STRESS  RATIO 


AK  (KSI  v/7n) 


10'^  ^ 


z 

10"*  ^ 
■o 


TABLE  6.8.3.21 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

ASSOCIATED  WITH  FIGURE  6.8. 3.21  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL;  ALLOY  STEEL  HP9-4-. 30 

CONDITION:  1550F  2HRS  OQ, -lOOF  IHR. i025F  2+2HR 
ENVIRONMENT;  R.  T.  ,  L.  H.  A. 


DELTA  K 

DA/DN  <10-«-«-6  IN.  /CYCLE) 

(KSI*IN*#i/2) 

A  B  C  D 

R=+0.  08 

A 

6.  05 

.  226 

DELTA  K  B 

MIN  C 

D 

7.  00 

.  336 

a.  00 

.  485 

9.  00 

.  669 

10.  00 

.  890 

13.  00 

1.  78 

16.  00 

3.  00 

20.  00 

5.  04 

25.  00 

8.  05 

A 

29.  80 

11.  1 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

17.  24 

PERCENT  E 

IRROR 

LIFE  O.  0-0.  5 

PREDICTION  0.  5-0.  8 

RATIO  0.8-1.25  1 

SUMMARY  1.25-2.0 
(NP/NA)  >2. 0 


CONDITION/HT:  1550F  2HRS  OQ.  -100F  IHR.  1025F  2+2HR 
FORM:  3.  00"TH  FORGED  BAR  YIELD  STRENGTH:  198.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  220.  0  KSI 

ORIENTATION:  L-T  SPECIMEN  THK:  0.992" 

FREOUENCY:  1.00  HZ  SPECIMEN  WIDTH:  7.400" 

ENVIRONMENT:  R.  T.  ,  L.  H.  A.  REFERENCES:05837 


AK  (MPA  -x/m) 

4  10  40  100 


4  10  40  100 

I  "'  I '  Mi'i — I ' I'i'i  ■ 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  VTn) 


AK  (MPA  -x/m) 
I  10  4 


4  10 

I'M  I'I'I - 

STRESS  RATIO  = 


10° 

10 

10' 

10' 

10'^ 

io' 

10'^ 

10' 

lO"* 

-f 

10 

10'® 

io' 

10‘° 

io‘ 

4  10 

I  'T' I'I'I — 

STRESS  RATIO 


4  10  t 

AK  (KSI  -v/Tn) 


Figure  6.8.3.21 
6.8-57 


TABLE  6.8.3.22 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.8. 3. 22  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL;  ALLOY  STEEL  HP9-4~.  30 

CONDITION:  1550F  2HRS  OQ, -lOOF  IHR, 1025F  2+2HR 

ENVIRONMENT:  R.  T.  ,  S.  T.  W. 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI*IN**l/2) 

A  B  C  D 

R=+0.  30  R=+0.  50 

A 

9.  12 

.  449 

DELTA  K  B 

7.  06 

454 

MIN  C 

D 

a.  00 

.  920 

9.  00 

1.  59 

10.  00 

1.06  2.38 

13.  00 

2.  43  4.  89 

16.  00 

4.  39  6.  96 

20.  00 

7.  45  9.  51 

25.  00 

11.7  15.  5 

30.  00 

25.  0 

35.  00 

36.  3 

A 

27.  24 

15.  3 

DELTA  K  B 

38.  97 

62.  3 

MAX  C 

D 

ROOT  MEAN  SQUARE  10.  46  17.  18 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 

RATIO  0.8-1.25  1  1 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


CONDITION/HT:  1550F  2HRS  OQ,  -100F  IHR.  1025F  2-*-2HR 
FORM:  3.00"TH  FORGED  BAR  YIELD  STRENGTH:  198.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  220.  0  KSI 

ORIENTATION:  L-T  SPECIMEN  THK:  0,  990-  0.  991 

FREOUENCY:  1.  00  HZ  SPECIMEN  WIDTH:  7.400" 

ENVIRONMENT:  R.  T.  ,  S.  T.  W.  REFERENCES:85037,  88579 


AK  (MPA  Vrn) 

4  10  40  100 

I  '  I  '  I'I'I - 1  '  I  MM'I 

STRESS  RATIO  =  ♦0.  30 


4  10  40  100 

I  '  I  'I'I'I - 1  '  I  'I'I'I 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  ^/m) 


10° 

(D 

10’ 

10' 

10'^ 

10' 

10'^ 

16' 

lO"* 

10' 

10‘® 

10' 

10* 

10'' 

10'* 

AK  (MPA  >/m) 

4  10  40  100 


STRESS  RATIO  =  ^0.  50 


4  10  40  100 


Figure  6.8.3.22 
6.8-89 


4  10  40  100 

AK  (KSI  >/m) 


ALLOY 

STEEL 


HP9-4- 


2 

.  "D 

10'^  « 
T3 


,0  =  1 

z 

^  ■D 

10  « 
•D 


TABLE  6.8.3.2  3 


FATIGUE  CRAC!<  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.8. 3.22  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL;  ALLOY  STEEL  HP9-4-. 30 
CONDITION:  1550F  2HRS  OQ,  -lOOF  IHR,  1025F  2+2HR 
ENVIRONMENT:  R.  T.  ,  S.  T.  W. 


A 

DELTA  K  B 
MIN  C 


D 


A 

DELTA  K  D 
MAX  C 


D 


9. 

77 

1. 

26 

10. 

00 

1. 

35 

13. 

00 

2. 

65 

16. 

00 

4. 

45 

20. 

00 

7. 

70 

25. 

00 

13. 

3 

30, 

00 

21, 

0 

35. 

00 

31. 

2 

40. 

00 

44. 

4 

47. 

24 

69. 

8 

ROOT  MEAN  SQUARE  18.  04 

PERCENT  ERROR 


LIFE  O,  0-0,  5 

PREDICTION  0.  5-0.  8 

RATIO  0.  8-1.  25  1 

SUMMARY  1.25-2,0 
(NP/NA)  >2.  0 


6.8-60 


011  CONDITION/HT:  1550F  2HRS  OQ. -100F  IHR.  1025F  2-^2HR 
.v.'v  FORM:  3.  00"TH  FORGED  BAR  YIELD  STRENGTH:  198.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  220.  0  KSI 

■V  V  ORIENTATION:  L-T  SPECIMEN  THK:  0.  740" 

•  ^^-^REQUENCY:  1.00  HZ  SPECIMEN  WIDTH:  7.390" 

:  •/■‘iNVIRONMENT:  R.  T.  .  S.  T.  W.  REFERENCES:88579 


AK  (MPA  -s/m) 

4  10  40  100 


4  10  40  100 


4  10  40  100 

AK  (KSI  v/m) 


AK  (MPA  -s/m) 
4  10  4 


10 


4  10 


Fiqure  6 . H. 3.2? 


6.8-61 


4  10  i 

AK  (KSI  >/m) 


ALLOY 

STEEL 


HP9-4- 
.  30 


10'“  TO 


10'^ 


10'“  1 


TABLE  6.8.3.24 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 8. 3. 24  INDICATING  EFFECT 

OF  ENVIRONMENT 

MATERIAL;  ALLOY  STEEL  HP9-4-.  30 

CONDITION;  1550F  2HRS  OQ, -lOOF  IHR. 1025F  2+2HR 


ROOT  MEAN  SQUARE 
I  ERCENT  ERROR 


11.  36 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


O.  0-0.  5 
0.  5-0.  8 
O.  e-1.  25 
1.  25-2.  0 
.>2.  0 


6.8-62 


CONDITION/HT.  1550F  2HRS  OQ. -100F  IHR.  1025F  2-^2HR 
FORM:  3.  00"TH  FORGED  BAR  YIELD  STRENGTH:  198.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  220.  0  KSI 

ORIENTATION  L-T  SPECIMEN  THK:  0.992" 

STRESS  RATIO:  -*-0.  08  SPECIMEN  WIDTH:  7.  400" 

FREQUENCY:  6.  00  HZ  REFERENCESa5837 


AK  (MPA  -v/m) 

4  10  40  100 


4  10  40  100 

I'"'  I  'l'PI - 1  '  I  M'l'l 

ENVIRONMENT: 


4  10  40  100 

4kK  (KSI  >/in) 


AK  (MPA  -x/m) 
I  10  4 


10° 

(D 

id 

10' 

10'^ 

Id 

10'^ 

Id 

10“ 

id 

10'® 

id' 

Id 

10'^ 

Id 

10° 

® 

id 

10-’ 

10'^ 

Id 

10'^ 

Id 

Id 

10'“ 

10'^ 

id' 

Id 

10° 

Id' 

i'luri,* 

(  H  . 

(l. 

H-r,  i 

4  10 

I  'J''|T|I| - 

ENVIRONMENT: 


4  10 

I  '  I  '  l'|l| - 

ENVIRONMENT. 


4  10 

AK  (KSI  vAn) 


ALLOY 

STEEL 


HP9-4- 
.  30 


TABl.E  6.8.3.2^j 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.8. 3.25  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL;  ALLOY  STEEL 
CONDITION;  1550F  2HRS 

HP9-4 
OQ,  -lOOF 

-.  30 

IHR.  1025F  2+2HR 

DELTA  K 

DA/DN  (10**-6 

IN. /CYCLE) 

(K3I*IN**l/2) 

A 

B 

C 

E=  R.  f. 

E=  R  T. 

L.  H 

.  A. 

S.  T.  W. 

A: 

DELTA  K  3;  9.  52 

1.  36 

MIN  C; 

D: 

10.  00 

3.  00 

13.  00 

5.  35 

16.  00 

9.  17 

20.  00 

13.  2 

25.  00 

19.  1 

30.  00 

32.  3 

A: 

DELTA  KB;  30.  92 

41.  3 

MAX  C. 

D; 

ROOT  MEAN  SQUARE 

0.  00 

11.  98 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  O.  5-0.  8 

RATIO  0.8-1.25  1 

SUMMARY  1.25-2.0 
(NP/NA)  >2  0 


6.8-64 


CONDITION/HT.  1550F  2HRS  OQ,  -100F  IHR,  1025F  2+2HR 


FORM:  3.00"TH  FORGED  BAR 

SPECIMEN  TYPE:  CT 
ORIENTATION  L-T 
STRESS  RATIO:  -^0.  08 
FREQUENCY:  0.  10  HZ 


YIELD  STRENGTH:  198.  0  KSI 
ULT.  STRENGTH:  220.  0  KSI 
SPECIMEN  THK:  0.740-  1.000" 

SPECIMEN  V\/IDTH:  7.390-  7.400’ 

REFERENCES:98579 


ALLOY 

STEEL 


HP9-4- 
.  30 


AK  (MPA  >/m) 

4  10  40  100 

I  '  I '  Mi'i — r-' j'i'iM 

ENVIRONMENT:  R.  T.  . 

L.  H.  A. 


4  10  40  100 


4  10  40  100 

AK  (KSI  >/m) 


AK  (MPA  Vm) 
4  10  4 


ENVIRONMENT:  R.  1 

S.  T.  W. 


10  ^  ^ 


lO"*  I 

•D 


4  10  40 


10'^ 


Fiquro  6. B. 3.25 


4  10  -! 

AK  (KSI  >/m) 


TABLE  6.B.3.26 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 8.  3. 2G  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL  HP9-4-. 30 

CONDITION:  1550F  2HRS  OQ. -lOOF  IHR. 1025F  2+2HR 


DELTA  K 
(KSI^HN*-iH/2) 


DA/DN  (10**-6  IN. /CYCLE) 


A 


B 


C 


E=  R.  T. 
L.  H.  A. 

6HZ 


E=  R.  T. 
S.  T.  W. 

IHZ 


A 

DELTA  K  B 
HIN  C 
D 


DELTA 

MAX 


11. 

36 

1. 

18 

7. 

vJtJ 

196 

8. 

00 

239 

9. 

00 

466 

10. 

00 

638 

13. 

00 

1. 

67 

1. 

60 

16. 

00 

2. 

39 

e! . 

81 

20. 

00 

5. 

13 

4. 

84 

25. 

00 

8. 

51 

3. 

07 

30. 

00 

11. 

9 

12. 

2 

35. 

00 

17. 

7 

40. 

00 

24. 

9 

31. 

16 

12. 

6 

48. 

54 

42. 

8 

ROOT  MEAN  SQUARE  12.  23  12.  09 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 

RATIO  0.8-1.25  I  1 

SUMMARY  1.25-2.0 
(NP/NA)  >2  0 


6.8-66 


CONDITION/HT  1550F  2HRS  OQ. -100F  IHR.  1025F  2+2HR 

FORM  3.  00"TH  FORGED  BAR  YIELD  STRENGTH:  198.  0-  199.0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  220.0-  223.0  KSI 

ORIENTATION  T-L  SPECIMEN  THK:  0.  740-  0.986" 

STRESS  RATIO:  +0.08  SPECIMEN  WIDTH:  6.000-  7.400" 

FREOUENCY:  REFERENCES:85837.  88579 


ALLDY 

STEEL 


HP9-4- 
.  30 


AK  (MPA  -s/m) 

4  10  40 


AK  (MPA  y/m] 
4  10  41 


ENVIRONMENT:  R.  t. 

L.  H.  A. 

6HZ 


4  10  40 


4  10  40 

AK  (KSI  v/ln) 


'  _  ENVIFiONMENT:  R.  T 

S.  T.  W. 

-2  “  IHZ 


4  10  41 


Figure  G.B.  :L2f) 


4  10  4 

AK  (KSI  y/m) 


10'^  ^ 


2 

10  ^'  re 
•D 


10  ^ 


2 

■D 

10^  re 
•D 


6.8-G7 


TABLE  6.8.3.27 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LE'-'ELS 
OF  STRESS  INTENSITY  FACTOR 

ASSOCIATED  WITH  FIGURE  6. 8.  3 . 27  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL.  ALLOY  STEEL  HP9-4-. 30 

CONDITION;  1550F  2HR5  OQ. -iOOF  3HRS, lOOOF  2+2HRS 

ENVIRONMENT:  R.  T.  ,  L.  H.  A. 


DELTA  K 
(KSI*IN-»#l/2) 


DA/DN  IN  /CYCLE) 

B  C 


DELTA  K  B 
MIN  C 
D 


10.  23 


R-+0.  08 
.  922 


13. 

00 

1. 

46 

16. 

00 

2. 

22 

20. 

00 

3. 

58 

25. 

00 

6. 

04 

30. 

00 

9. 

64 

35. 

00 

14. 

8 

40. 

00 

22. 

2 

50. 

00 

46. 

7 

60. 

00 

92. 

3 

70. 

00 

174. 

80. 

00 

315. 

88 

40 

507. 

DELTA  K  B: 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


20.  51 


6.8-68 


CONDITION/HT;  1550F  2HRS  OQ.  -100F  3HRS.  1000F  2+2HRS 
FORM:  3.  00"TH  FORGED  BAR  YIELD  STRENGTH:  2 1 5.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  244.  0  K'jI 

ORIENTATION:  T-L  SPECIMEN  THK:  0.970" 

FREQUENCY:  6.  00  HZ  SPECIMEN  WIDTH:  4.  980" 

ENVIRONMENT:  R.  T.  .  L.  H.  A.  REFERENCES:88579 


ALLOY 

STEEL 


HP9-4- 
.  30 


T/SBLS  6.12.3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 12. 3. 1  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL;  ALLOY  STEEL  HY-180 

CONDITION:  STA  (UTS  =  ISOKSI) 


ENVIRONMENT:  R.  T. 

>  LAB  AIR 

DELTA  K 

DA/DN  (10*< 

(KSI*IN*"iH/2) 

A 

B 

R=+0.  10 

R=+0.  50 

A.  2.  72 

.  0170 

DELTA  K 

B:  2.  62 

.  0105 

MIN 

C: 

D: 

3.  00 

.  0232 

.  0179 

3.  50 

.  0368 

.  0313 

4.  00 

.  0539 

.  0491 

5.  00 

.  0986 

.  0979 

6.  00 

.  158 

.  164 

7.  00 

.  232 

.  248 

8.  00 

.  322 

.  351 

9.  00 

.  430 

.  474 

10.  00 

.  556 

.  620 

13.  00 

1.  07 

1.  21 

16.  00 

1.  82 

2.  11 

20.  00 

3.  33 

4.  00 

25.  00 

6.  36 

8.  07 

30.  00 

11.  2 

A:  31.28 

12.  9 

DELTA  K 

B;  26.38 

9.  67 

MAX 

C: 

D: 

ROOT  MEAN  SQUARE 

14.  34 

21.  78 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 

RATIO  0.8-1.25  1  1 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


6.12-2 


CONDITION/HT:  STA  CUTS  -  100KSI> 
FORM:  1.75"TH  FORGED  BAR 

SPECIMEN  TYPE;  CT 
ORIENTATION;  L-T 
FREOUENCY:  30.  00  HZ 

ENVIRONMENT:  R.  T.  .  LAB  AIR 


AK  (MPA  y/m) 

4  10  40  100 


STRESS  RATIO  =  ■►0.  10 


4  10  40  100 

I  '  I '  iT'i — r  '  ■[  T'T'r" 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  >/Tn) 


YIELD  STRENGTH.  197.  1  KSI 
ULT.  STRENGTH:  199.  6  KSI 
SPECIMEN  THK:  0.  253" 
SPECIMEN  WIDTH:  1.  500" 
REFERENCES:OA001 


ALLOY 

STEEL 


HY-180 


10° 

(D 

10’ 

10 

io" 

10' 

io" 

io' 

10'^ 

10' 

10'® 

io‘ 

10'® 

10' 

10° 

10'' 

® 

10‘ 

AK  (MPA  v/m) 

4  10  40  100 


STRESS  RATIO  =  -^0.  50 


10'^  ^ 


10"  I 


10'^  « 


#  4  ^10  40  100 

“[■■■■'  P  I  M'l - f"  '  I  '  I'I'I 

STRESS  RATIO  = 


10"  9 


2 

.  "D 

10  « 
•o 


4  10  40  100 

AK  (KSI  >/m) 


Figure  Td.  12. 3. 1 
6.12-3 


TABLE  6.12.3.2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.12.3.2  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  ALLOY  STEEL  HY-i80 

CONDITION:  STA  (UTS  =  180KSI ) 
ENVIRONMENT:  R.  T  . LAB  AIR 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  (10**-6  IN.  /CYCLE) 
ABC 


R=+0.  10 


R=+0.  50 


DELTA 

MIN 


11.51 
10.  71 


.  645 


.  899 


DELTA 

MAX 


A 

K  B 
C 
D 


13. 

00 

1. 

10 

1. 

84 

16. 

00 

2. 

31 

3. 

37 

20. 

00 

4. 

29 

5. 

61 

25. 

00 

7. 

04 

8. 

57 

30. 

00 

10. 

1 

11. 

9 

35. 

00 

13. 

6 

15. 

8 

40. 

00 

18. 

0 

20. 

6 

50. 

00 

30. 

8 

59. 

28 

51. 

3 

43. 

61 

25. 

0 

ROOT  MEAN  SQUARE  3.  94  5.  39 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0  8 

RATIO  0.8-1.25  1  1 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


6.12-4 


CONDITION/HT;  STA  CUTS  -  180KSI) 
FORM;  1.  75  "TH  FORGED  BAR 
SPECIMEN  TYPE:  CT 
ORIENTATION;  L-T 
FREQUENCY:  10.  00 

ENVIRONMENT:  R.  T.  .  LAB  AIR 


YIELD  STRENGTH:  197.  1  KSI 
ULT.  STRENGTH:  199.  6  KSI 
SPECIMEN  THK:  0.377" 

SPECIMEN  WIDTH:  1.  500-  1.  501 

REFERENCESDA001 


ALLOY 

STEEL 


HY-100 


AK  (MPA  y/m) 

4  10  40  100 


4  10  40  100 


4  10  40  100 

AK  (KSI  \/Tn) 


AK  (MPA  y/m) 

4  10  40  100 

"1  '  1 ' I'l'i  I 
STRESS  RATIO  =  ^0.  50 


4  10  40  100 


Fifjure  G .  1^: .  3 . 2 


4  10  40 

AK  (KSI  v/7n) 


,0=1 


TABLE  6.12.3.3 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFir-4ED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE6. 12. 3. 3  INDICATING  EFFEC" 


OF  STRESS  RATIO 


MATERIAL:  ALLOY  STEEL  HY-80 

CONDITION: 

ENVIRONMENT:  R  T  ,3.5V.  NACL 


DELTA  K 
(KSI*IN**l/2) 


R-+0  10 


DA/DN  (10*»-6  IN.  /CYCLE) 


DELTA  K  5 
MIN  C 
D 


24.  02 


25.  00 
30.  00 
35.  00 
40.  00 
50.  00 
60.  00 
70.  00 


5.  47 


5.  38 
a.  35 
11.  6 
15.  8 
28.  1 
48.  0 
79.  2 


DELTA  K  B. 


77.  74 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


9.  48 


6.12-6 


TABLF  6.13.3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6 . 13 . 3  . 1  INDICATING  EFFE 

OF  STRESS  RATIO 


MATERIAL;  ALLOY  STEEL  HI  1 

CONDITION;  AUSTENIZED  Z,  TEMPERED  (TVS  =  220KSI) 
ENVIRONMENT:  R.  T.  , LAD  AIR 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  IN.  /CYCLE) 

ABC 


R=-+0.  10 


R=+0.  50 


A 

DELTA  K  B 
MIN  C 
D 


A 

DELTA  K  B 
MAX  C 
D 


6. 

34 

0/57 

3. 

07 

0168 

3. 

50 

0269 

4. 

00 

0428 

5 

00 

0905 

6 . 

00 

163 

7. 

00 

105 

262 

8. 

00 

163 

390 

9. 

00 

240 

549 

10 

00 

339 

738 

13. 

00 

791 

1. 

49 

16. 

00 

1. 

51 

2. 

52 

20. 

00 

2. 

95 

4. 

56 

25. 

00 

5. 

52 

30. 

00 

8. 

88 

35 

00 

12. 

9 

40. 

00 

17 

4 

44. 

01 

21. 

3 

23. 

97 

10. 

5 

ROOT  MEAN  SQUARE  4.  06  13.  76 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0  3 

RATIO  0.  8-1  25  1  1 

SUMMARY  1.25-2  O 
<NP/NA)  -''2.  0 


6.13-4 


CONDITION/HT:  AUSTENIZED  &  TEMPERED  (TYS  =  220KSI) 

FORM-  3,  18"TH  ROUND  BAR  YIELD  STRENGTH: 2 15.  4  KSI 

SPECIMEN  TYPE:  CT  ULT  STRENGTH:  258.  1  KSI 

ORIENTATION:  L-T  SPECIMEN  THK:  0.256-  0.257" 

FREQUENCY:  30,00  HZ  SPECIMEN  WIDTH:  2.002" 

ENVIRONMENT:  R.  T.  .  LAB  AIR  REFERENCESOA001 


ALLOY 

STEEL 


Hll 


TAliLE  6.13.3.2 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTE^4SITY  FACTOR 

DATA  ASSOCIATED  WITH  F IQURE  6 . 13 . 3. 2  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL;  ALLOY  STEEi .  Hll 

CONDITION:  AUSTENIZED  It  TEMPERED  (TYS  =  220KSI  ) 
ENVIRONMENT:  R  T.  ,  LAB  AIR 


DEI  TA  K 

DA/DN  <10*-*-6  IN.  /CYCLE) 

(KSI*IN*-»l/2) 

ABC 

R=+0.  10  R=-*-0.  50 

A:  12.  92 

.  949 

DELTA  KB;  10.  54 

.  691 

MIN  C: 

D; 

13.  00 

970  1.41 

16.  00 

1.  90  2.  66 

20.  00 

3.  53  4.  94 

25.  00 

6.  19 

30.  00 

9.  73 

35.  00 

14.  5 

40.  00 

20.  9 

A.  42.  50 

24.  9 

DELTA  KB:  22.  13 

6.  46 

MAX  C: 

D: 

ROOT  MEAN  SQUARE 

1.  90 

2.  05  I 

PERCENT  ERROR 

TAULE  6.13.3.3 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTE14SITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 13. 3.  3  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  ALLOY  STEEL  Hll 

CONDITION:  AUSTENI2ED  TEMPERED  (TYS  =  220KSI  ) 
ENVIRONMENT:  +  650F, AIR 


DELTA  K 
(KSI*IN**l/2) 


A 

R=+0.  10 


DA/DN  <10**-6  IN.  /CYCLE) 


R=+0.  50 


DELTA  K  B 
MIN  C 
D 


DELTA  K  D: 
AX  C: 
D: 


87.  90 
14.  69 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


11.  15 


LIFE 

0.  0-0.  5 

PREDICTION 

0.  5-0.  8 

RATIO 

0.  8-1.  25  1 

1 

SUMMARY 

1.  25-2  0 

(NP/NA) 

>2.  0 

6.13-8 

CONDITION/HT:  AUSTENIZED  &  TEMPERED  CTYS  -  220KSI> 

FORM:  3.  18"TH  ROUND  BAR  YIELD  STRENGTH; 215.  4  KSI 

SPECIMEN  TYPE:  CT  ULT  STRENGTH:  258.  1  KSI 

ORIENTATION-  L-T  SPECIMEN  THK:  0.  257-  0.  488* 

FREQUENCY:  7.00  HZ  SPECIMEN  WIDTH:  2.000" 

ENVIRONMENT:  -►  650"  F,  AIR  REFERENCES:DA001 


AK  {MPA  v/rn) 

4  10  40  100 


ALLOY 

STEEL 


4  10  40  100 


4  10  40  100 

AK  (KSI  -^/m) 


STRESS  RATIO  =  +0.  50 


4  10  40  100 


4  10  40 

AK  (KSI  v^) 


Fi  iur.  (-.11.1.  ! 


G. 1  1-  t 


-■ 

■  -  *  .  *  *  1 


-o 

10  TO 


10’^  ^ 


2 

n 

lO"*  TO 

■o 


TABLE  6.13.3.4 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 13. 3 . 4  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL  Hll 

CONDITION: 


K  MAX 

(KSI*IN**l/2) 

A 

DA/DT  (10**-3 

B 

IN/HOUR) 

C 

E= 

DIST.  WATER 

E= 

ARGON,  1007.  REL 
HUM 

A 

K  MAX  B 
MIN  C 

D 

17.  50 
22.  50 

15.  4 

876. 

20.  00 
25.  00 
30.  00 
35.  00 

81.  2 

573. 

1648. 

3253. 

1089. 

2424. 

3552. 

A 

K  MAX  B 
MAX  C 

D 

38,  50 
37.  00 

4763. 

5024. 

ROOT  MEAN 

SQUARE 

69,  12 

18.  74 

PERCENT  ERROR 


6.13-10 


CONDITION/HT: 

FORM:  SPECIMEN  THK:  0.080-  0.125" 

SPECIMEN  TYPE:  CNT  SPECIMEN  WIDTH: 


ORIENTATION. 

YIELD  STRENGTH:  230.  0  KSI 
ULT  STRENGTH 


K  max  (MPA  \/rn) 


1  4  10  40  100 

^  max  (^Sl  \/ in ) 

Fi'i 


CRACK  LENGTH  (Aq) 

K  iscc 

REFERENCES:751  11.  84309 


K  max  IMPA  \/~rn} 

4  10  40  100 


^  m  a  X  (KSI  \  in) 

Ej  6 . 1 1 . 3 . 


1  3-U 


ALLOy  S7t£L  tONl  ST€ti 


TAULK  O.M.B.l 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

ASSOCIATED  WITH  F I  CURE  G . M  .  B .  L  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  ALLOY  STEEL  iONI  STEE! 

CONDITION: 

ENVIRONMENT:  R.  T  ,  DRY  AIR 


DELTA  K 
(KS I* IN** 1/2) 


DA/DN  (10**-6  IN. /CYCLE) 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


R  =  -t-0.  10 


R=+0.  50 


DELTA  K  B 
MIN  C 
D 


DELTA  K  B 


7, 

88 

165 

4. 

05 

069 

5. 

00 

0971 

6. 

00 

168 

7. 

00 

294 

a 

00 

177 

484 

9 

00 

294 

730 

10. 

00 

449 

1. 

00 

13. 

00 

1. 

14 

1. 

89 

16. 

00 

2. 

15 

2. 

89 

20 

00 

3 

90 

4. 

70 

25. 

00 

(3 

57 

7. 

57 

30, 

00 

9. 

64 

10, 

4 

35 

00 

13. 

1 

40 

00 

16. 

a 

50, 

00 

25. 

2 

60 

00 

35. 

0 

70 

00 

46 

6 

71. 

09 

48. 

0 

34 

16 

12 

1 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0  5 

0.  5-0  8 

0—1 

A  ft- 

L . 25-2  0 
'.0  n 


CONDITION/HT. 

FORM;  0.  50"TH  PLATE 
SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREOUENCY:  6.  00  HZ 

ENVIRONMENT:  R.  T.  .  DRY  AIR 


TAlJLt-;  6.L4.3.2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

data  ASSOCIATED  WITH  F I  GORE  6 . 14 . 3 . 2  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  ALLOY  STEEL  ION I  STEEL 

CONDITION: 

ENVIRONMENT;  R.  T.  ,  3.  T.  W. 


DELTA  K 
(KSI*IN«*l/2) 


DA/DN  IN.  /CYCLE) 

A  B  C  D 


R  =  +0.  10 


R=+0.  50 


DELTA  K 
MIN 


A 

Q 

C 

D 


DELTA  K 
MAX 


A 

b 

C 

D 


33. 

16 

9. 

91 

5 

79 

0929 

6. 

00 

106 

7. 

00 

278 

a. 

00 

576 

9. 

00 

1. 

02 

10 

00 

1. 

60 

13. 

00 

4. 

12 

16 

00 

7, 

55 

20. 

00 

13. 

1 

25 

00 

12. 

e 

21. 

2 

30 

00 

19. 

9 

30 

7 

35 

00 

25 

5 

42. 

1 

40 

00 

30 

5 

55 

3 

50 

00 

43 

5 

85. 

2 

60. 

00 

114. 

59. 

09 

66. 

0 

69. 

37 

136. 

ROOT  MEAN  SQUARE  6.  88  78  50 

PERCENT  ERROR 


LIFE 

0  0-0. 

5 

lEDICT  ION 

0.  b-0 

3 

RATIO 

0.  8-i 

55 

SUMMARY 

1  25-2 

0 

(NP/NA> 

0 

CONDITION/HT: 

FORM:  0.  50'’TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREOUENCY:  0.  10  HZ 

•  ENVIRONMENT:  R.  T.  .  S.  T.  W. 


YIELD  STRENGTH:  183.  3  KSI 
ULT.  STRENGTH:  197.  4  KSI 
SPECIMEN  THK:  0.497-  0.  516" 

SPECIMEN  WIDTH:  2.497-  2.  498' 

REFERENCES:88575 


ALLOY 

STEEL 


10NI 

STEEL 


TABLE  6.14.3.3 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FI  CURE  6. 14 . 3 . 3  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  ALLOY  STEEL  ION I  STEEL 

CONDITION: 

ENVIRONMENT:  R.  T.  ,  DRY  AIR 


DELTA  K 

DA/DN  (10**-6 

IN  /CYCLE) 

(KSI*IN-a-H-l/2) 

A 

0 

C 

R=+0.  10 

R=+0.  30 

R=+0.  70 

A:  1 1.  50 

.  739 

DELTA  KB:  5.  39 

.  0561 

MIN  C:  3.  91 

.  0937 

D: 

4.  00 

.  0943 

5.  00 

.  122 

6.  00 

.  0993 

.  185 

7.  00 

.  207 

.  290 

8.  00 

.  362 

.  446 

9,  00 

.  563 

.  660 

10.  00 

.  807 

.  931 

13.  00 

1.  31 

1.  73 

2.  03 

16.  00 

2.  82 

2.  88 

3.  44 

20.  00 

5.  20 

4.  64 

5.  76 

25  00 

a.  14 

7.  25 

9  31 

30.  00 

10.  9 

10.  4 

13.  7 

35.  00 

13.  5 

14.  4 

19.  3 

40.  00 

16.  2 

27.  3 

50.  00 

22.  9 

60.  00 

32.  6 

70  00 

47.  4 

A;  79.  57 

69.  3 

DELTA  K  B:  37.  57 

16  8 

MAX  C :  48.  99 

55.  8 

D: 

ROOT  MEAN  SQUARE 

21.  23 

12  49 

53.  40 

PERCENT  ERROR 


LIFE 

PREDICTION 
RATIO 
SUMMARY 
( NP / NA ) 


0.  0-0  5 
0.  5-0.  3 

0.  e-i.  05 

1  25-2.  0 


) 


CONDITION/HT: 

FORM:  1.00"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY:  6.  00  HZ 

ENVIRONMENT:  R.  T.  .  DRY  AIR 


YIELD  STRENGTH:  183.  3  KSI 
ULT.  STRENGTH:  197.  4  KSI 
SPECIMEN  THK:  0.754" 

SPECIMEN  WIDTH:  4.951-  4.998" 

REFERENCES:88575 


ALLOY 

STEEL 


10NI 

STEEL 


AK  (MPA  v/m) 

4  10  40  100 


AK  (MPA  -v/m) 

4  10  40  100 
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^10- 
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10 


3  E 


z 

n 

lO'"  TO 
"D 


10 


,-5 


10' 


,-6 


4  10  40  100 

AK  (KSI  -v/Tn) 


I''  i  ■  mri>  G  ,  1 4  .  1 .  1 


4  10  40  100 

AK  (KSI  -s/in) 


1 


TAELK.  6.14.3.4 

FATIGUE  CRACi^  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

ASSOCIATED  WITH  F I GURE  6 . 14 . 3 . 4  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  ALLOY  STEEL 
CONDITION; 

ENVIRONMENT:  R.  T.  ,  3.  T.  W. 

DELTA  K 
(KSI^IN**l/2) 


ION I  STEEL 


DELTA  K  B 
MIN  C 
D 


DELTA  K  B: 
MAX  C: 

D: 


7,  72 
5.  73 


75.  02 
68.  00 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


R  =  +0.  10 


.  0224 


33.  58 


DA/DN  (10**-6  IN.  /CYCLE) 


R=+0.  50 


.  0357 


68  6 


34.  04 


LIFE 

0.  0-0. 

5 

PREDICTION 

0.  5-0. 

S 

RATIO 

0.  e-i 

25 

1 

1 

SUMMARY 

1.  25-2. 

0 

1 

(NP/NA) 

cl . 

0 

(>.  14-1' 

CONDITION/HT: 

FORM:  1.  00*’TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY:  1.  00  HZ 

ENVIRONMENT:  R.  T.  .  S.  T.  W. 


AK  (MPA  Vrn) 

4  10  40  100 


4  10  40  100 

1  '  I  '  MMI - 1  'MI'I'T" 

STRESS  RATIO  = 


YIELD  STRENGTH:  183.  3  KSI 
ULT.  STRENGTH:  197.  4  KSI 
SPECIMEN  THK:  0.750-  0.757" 

SPECIMEN  WIDTH:  4.993-  5.014" 

REFERENCES:80575 


AK  (MPA  v/m) 

4  10  40 


4  10  40  100 

AK  (KSI  -s/Tn) 


STRESS  RATIO  =  ^-0.  50 


10° 

10 

10’ 

10  ^ 

10' 

10'^ 

10 

10'"* 

10' 

10'^ 

io' 

10' 

10° 

10'' 

.'jure 

6.14.3. 

6.  j 

L4-il 

4  10  40 

I'M  I'i'i — 

STRESS  RATIO  = 


4  10  40 

AK  (KSI  V^) 


ALLOY 

STEEL 


10NI 

STEEL 


10'^  ^ 


"D 

10'“ 


10  "*  ro 


TAHLF  6.14.3.5 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 14. 3. 5  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL 
CONDITION: 


ION I  STEEL 


DELTA  K 
(KSI*IN*»l/2) 


E=  R.  T. 
S.  T.  W. 


DA/DN  IN/CYCLE) 

3  C 


DELTA  K  3 
MIN  C 
D 


DELTA  K  B 
MAX  C 
D 


10. 

71 

031 

13. 

00 

160 

lA. 

00 

661 

20 

00 

2. 

21 

25 

00 

5. 

63 

30. 

00 

10. 

3 

35. 

00 

15. 

5 

40. 

00 

21. 

2 

50. 

00 

33. 

0 

60. 

00 

46. 

0 

70. 

00 

60. 

9 

80. 

00 

79. 

1 

90. 

00 

102. 

100. 

00 

131. 

130. 

00 

285. 

138. 

84 

360. 

ROOT  MEAN  SQUARE  28.  84 

PERCENT  ERROR 


LIFE  O.  0-0.  5 

PREDICTION  0.  5-0.  8 

RATIO  0.  8-1  25  i 

SUMMARY  1.25-2.0 
<NP./NA)  >2.0 


6.14-12 


AK  (MPA  -v/m) 

4  10  40  100 

1  ''  1  '  I ' I T  I  '  I  '  I  'IT'" 

ENVIRONMENT:  R-  t.  , 

S.  T.  W. 


4  10  40  100 

I'M  I'I'I - 1  I  I  '  IMT 

ENVIRONMENT. 


4  10  40  100 

AK  (KSI  -s/ln) 


AK  (MPA  Vrn) 
I  10  4 


4  10 

I'M  I'MI — 

ENVIRONMENT 


1  4  10 

E"l  — 

-  ENVIRONMENT: 


}■’  i  lui.-ij  G  .  1 4  .  i . 
G.  14-1 


4  10  ^ 

AK  (KSI  v/Tn) 


TABLE  6.  15. 3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6 . 15  .  3 . 1  I ND I C AT I NG  EFFECT 

OF  FREQUENCY 


MATERIAL:  ALLOY  STEEL  12-9-2  MAR 

CONDITION:  STA  900 
ENVIRONMENT:  R.  T  , LAB  AIR 


DELTA  K 
(KS I* IN** 1/2) 


DA/DN  (10**-6  IN.  /CYCLE) 


A 


B 


D 


F(HZ)=  10.00  F(HZ)=  30.00 
SP.  THK.  =.  503“  SP.  THK.  =.  253" 


A 

DELTA  K  B 
MIN  C 
D 


7. 

00 

.0154 

a. 

00 

.  0401 

9, 

00 

.  0829 

10. 

00 

.  149 

13. 

00 
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581 

16. 

00 

2. 

68 

1.  86 

20. 

00 

8. 

17 

8.  92 

ic:.  oca 

6.  95 


.  014 


DELTA 

MAX 


A 

K  B 
C 
D 


23.  91 
21.  41 


27.  a 


15.  9 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


1 1.  25 


14.  09 
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TABLE  6.19.3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFIh4ED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 19. 3 . 1  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL 
CONDITION:  TUS=243KSI 

18NI (250)MAR 

DELTA  K 

DA/DN  (10*»-6  IN.  /CYCLE) 

{KSI*IN**l/2) 

ABC 

0 

E=  R.  T. 

3. 

57.NACL 

A:  11.39 

2.  23 

DELTA  K 

B: 

MIN 

C. 

D: 

13.  00 

5.  05 

16.  00 

11.  1 

20.  00 

18.  0 

25.  00 

27.  5 

30.  00 

42.  7 

35.  00 

66.  9 

40.  00 

94.  2 

A:  45.  03 

113. 

DELTA  K 

B: 

MAX 

C: 

D: 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


12.  81 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0  5 
O.  5-0.  8 
0.  8-1.  25 
1.  25-2.  0 
>2.  O 


6.19-4 


CONDITION/HT:  TUS-243KSI 
FORM:  12.  00"TH  BILLET 
SPECIMEN  TYPE;  CT 
ORIENTATION  L-T 
STRESS  RATIO:  10 

FREQUENCY:  1.  00  HZ 


AK  (MPA  y/m) 

4  10  40  100 


R.  T. 


4  10  40  100 

I  '  I  M'I'I - 1  '  I  '  I'l'l 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  \/m) 


YIELD  STRENGTH:  232.  7  KSI 
ULT.  STRENGTH:  243.  5  KSI 
SPECIMEN  THK;  1.001" 
SPECIMEN  WIDTH:  2.554" 
REFERENCES;90981 


AK  (MPA  ^/m) 
I  10  4 


4  10 

I  ■'T’'PT'I — 

ENVIRONMENT: 


10° 

10 

10’ 

10' 

10'^ 

10 ' 

-3 

10 

10' 

10'^ 

10 

10'® 

io' 

10'® 

10* 

4  10  40 

I  '  I '  I'i'i  I 
ENVIRONMENT: 


Figure  6.19.3.1 
6.19-5 


4  10  ^ 

AK  (KSI  v/m) 


ALLOY 

STEEL 


18NI 

/OCTfllN  U  A 


10'^  -JT 


TABLE  6.19.3.2 


FAT I SUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.19.3.2  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL. 

ALLOY  STEEL  iSNI(250)MAR 

CONDITION 

TUS=243KSI 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI*IN**l/2) 

A  B  C  0 

E=  R.  T.  £=  R.  T. 

LAB  AIR  3.  5V.NACL 

A 

7.  69 

.  290 

DELTA  K  B 

MIN  C 

D 

8.  00 

.  373 

9.  00 

.  716 

10.  00 

1.  16 

13.  00 

2.  73 

16.  00 

4.  21 

20.  00 

5.  91 

25.  00 

8.  16 

30.  00 

11.  4 

35.  00 

16.  7 

40.  00 

25.  7 

50.  00 

71. 0 

A 

52.  78 

97.  0 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

121.  19  0.  00 

PERCENT  ERROR 

LIFE  O.  0-0.  3 

PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA)  >2.0  1 


I  a  r  .i.  I 


.".■V'-V- .  .% . 


6. 19-6 


CONDITION/HT:  TUS-243KSI 
FORM:  12.  00"TH  BILLET 
SPECIMEN  TYPE;  CT 
ORIENTATION  T-L 
STRESS  RATIO:  ■•■0.10 
FREQUENCY:  10.00  H2 


AK  (MPA  -v/m) 

4  10  40  100 

I  'rn'i'i — TTn-q-TT" 

^V^R^I^^ENT:  R.  T.  , 


4  10  40  100 

1  '  r'l'I'I'I - 1  '  I  '  MI'I 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  >/m) 


YIELD  STRENGTH:  231.  8  KSI 
ULT.  STRENGTH:  243.  0  KSI 
SPECIMEN  THK:  1.  000-  1.  001  " 

SPECIMEN  WIDTH:  2.  553" 
REFERENCES:90981 


AK  (MPA  v/m) 
4  10  4 


ENVIFtONMENT:  R.  ' 
3.  5ZNACL 


10 

10'^ 

10' 

lO"* 

10 

10'^ 

10' 

10® 

10' 

10° 

® 

10 

10' 

10' 

10'^ 

io' 

10'^ 

10' 

10“ 

io‘ 

10® 

10' 

10'° 

10'' 

4  10  40  100 

-|"  ■'■-PTT'I - 1  I  I  '  I'I'I 

ENVIRONMENT: 


ALLOY 

STEEL 


18NI 

M  JL 


10'^  ^ 


lO'"  1 
•c 


10  ^  ^ 


10^  I 


Figure  6.19.3.2 


6.19-7 


TABLE  6.19.3.3 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 19. 3. 3  INDICATING  EFFECT 

OF  ENVIRONMENT 

MATERIAL;  ALLOY  STEEL  iaNI<250) 

CONDITION; 


K  MAX 

(KSI*IN**l/2) 


E= 

3.  57.  NACL 


A 

K  MAX  B 
MIN  C 
D 


200.  00 


K  MAX  B 
MAX  C 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


0.  00 


DA/DT  (10**-3  IN/HOUR) 
B  C 


6.19-8 


r 

-1 

CONDITION/HT: 

ALLOY  ^ 

•• 

FORM: 

SPECIMEN  THK: 

STEEL 

SPECIMEN  TYPE:  TOCB 

SPECIMEN  WIDTH: 

ORIENTATION: 

CRACK  LENGTH  (Aq) 

.V.-  yield  STRENGTH: 

K  iscc: 

• 

:  0f\i  I 

i 

■  ■  ULT  STRENGTH: 

REFERENCES  78313 

<250> 

K  max  (MPA  \/rn) 

4  10  40  100 

I  '  l-'  liFI - 1  '  I  I  I'l'l 

ENVIRONMENT: 

3.  5%  NACL 


a  I  —  10-’ 
a*  I  - 


4  10  40  100 

I  '  I'T'I'n - 1  '  I  'I'l'l 

ENVIRONMENT: 


4  10  40  100 

^  max  (^Sl  \/~io) 


max  (MPA  vm) 
4  10  40 


1  4  10  40 

=  I  I  I '  I'l'l — r-n^ 

-  ENVIRONMENT: 


Figure  6.19.3.3 
6.19-9 


4  10  40 

^  m  a  X  ( *^  S I  V  '  ^ ) 


MATERIAL:  ALLOY  STEEL 
CONDITION: 


DATA  ASSOCIATED  WITH  FIGURE  6. 19. 3 . 4  INDICATING  EFFECT 

OF  ENVIRONMENT 


LOY  STEEL  i8NI(250) 


K 

MAX 

DA/DT 

(10**-3  IN/HOUR) 

(KSI*IN**l/2) 

A 

B 

C 

r" 

c.— 

E= 

DEHUMIDIFIED 

HYDROGEN 

HYDROGEN 

A: 

18.  00 

1494. 

K  MAX 

B: 

23.  10 

1403. 

MIN 

C: 

D: 

20.  00 

4145. 

25.  00 

8724. 

2376. 

30.  00 

5529. 

35.  00 

8306. 

40.  00 

10206. 

50.  00 

12754. 

A: 

29,  20 

11124. 

K  MAX 

B: 

52.  70 

13502. 

CONDITION/HT 
FORM;  B.  3'‘TH  PLATE 
SPECIMEN  TYPE:  CNT 
ORIENTATION. 

YIELD  STRENGTH:  245.  B  KSI 
ULT  STRENGTH: 


SPECIMEN  THK:  B.  25E" 
SPECIMEN  WIDTH  2.  75B" 
CRACK  LENGTH  (Aq) 

Kiscc 

REFERENCES  7Be87.  0431B 


K  max  (MPA  v^) 

4  10  40  100 


Kmax  (MPA 
4  10  40 


ENVIRONMENT: 

DEHUMIDIFIED 

HYDROGE.N 


ENVIRONMENT 

HYDROGEN 


4  10  40  100 


4  10  40  100 

^ max  (l^SI 


4  10  40 


4  10  _40 

^  max  (I^SI  \  m) 


Figure  6.19.3.4 
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TABLE  6.21.3.1 


HATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.21. 3. 1  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  ALLOY  STEEL  1SNI(300)MAR 

CONDITION: 


DELTA  K 
(KSI*IN**l/3> 


DELTA  K  B 
MIN  C 


DELTA  K  B 
MAX  C 
D 


20.  16 


E=  R. 
H.  H.  A. 


2.  64 


25.  00 

6.  05 

30.  00 

8.  81 

35.  00 

11.  3 

40.  00 

14.  0 

50.  00 

22.  2 

60.  00 

39.  9 

67.  79 

41.  0 

DA/DN  (10**-6  IN.  /CYCLE) 
B  C 


ROOT  MEAN  SQUARE  14.  25 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 
RATIO  0.  8-1.  25 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


D 


6.21-4 


CONDITION/HT: 

FORM:  0.  13’'TH  FORGING 

SPECIMEN  TYPE:  CCP 
ORIENTATION  L-T 
STRESS  RATIO:  -►O.  06 
■•‘lEQUENCY:  2.  00  HZ 


AK  (MPA  v/m) 

4  10  40  100 

I  '"Tn'i'i — I i I Mi'i 

ENVmi^NMENT:  R-  T.  , 


4  10  40  100 

I  '  I  '  I'I'I - 1  '  I  '  MI'I 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  >/ln) 


YIELD  STRENGTH 
ULT.  STRENGTH: 

SPECIMEN  THK:  0.  125" 
SPECIMEN  WIDTH:  3.  000" 
REFERENCES:78425 


AK  (MPA 
i  10  4 


4  10 

I  — 

ENVIRONMENT 


10° 

10' 

10’’ 

10' 

10'^ 

io‘ 

10'^ 

10' 

10'“ 

-( 

10 

10'® 

10' 

10® 

.1 

10 

4  10 

"T'n'nTn — 

ENVIRONMENT: 


4  10  i- 

AK  (KSI  v^) 


Figure  6.21. 3.1 
6.21-5 


ALLOY 

STEEL 


18NI 

C300)  MAF 


TABLE  6.21.3.2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.21.3.2  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL  18NI(300)MAR 

CONDITION: 


DELTA  K 

DA/DN  ( 10**-6 

IN.  /CYCLE) 

(KSI 

«IN**l/2) 

A 

B 

C 

E=  R.  T. 

o: 

II 

UJ 

E=  R.  T. 

L.  H.  A. 

H.  H.  A. 

3.  57.  NACL 

A 

6.  67 

.  474 

delta 

K  B 

6.  85 

.  435 

MIN 

C 

14.  61 

3.  56 

D 

7.  00 

.  561 

.  472 

a.  00 

.  847 

.  753 

9.  00 

1.  16 

1.  10 

10.  00 

1.  49 

1.  51 

13.  00 

2.  63 

3.  11 

16.  00 

4.  15 

5.  30 

4.  82 

20.  00 

7.  42 

9.  38 

10.  2 

A 

24.  7i 

15.  1 

DELTA 

K  B 

22.  98 

13.  6 

MAX 

C 

22.  60 

16.  4 

D 


ROOT  MEAN  SQUARE  11.13  14.20  7.07 


CONDITION/HT: 

FORM;  0.  13"TH  FORGING 
SPECIMEN  TYPE;  CCP 
ORIENTATION  L-T 
.  STRESS  RATIO;  67 

/./FREQUENCY;  2.00  HZ 


L".  r,  v:  11-7  wj  » -a  -  j 


YIELD  STRENGTH; 

ULT.  STRENGTH; 

SPECIMEN  THK:  0.125" 
SPECIMEN  WIDTH;  3.  000" 
REFERENCES;78425 


ALLOY 

STEEL 


18NI 
C300>  mar 


10' 
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jure  6.21. 3.2 
6.21-7 


4  10  40  100 

AK  (KSI  V^) 


TABLfc.  6.21.3.3 


MATERIAL:  ALLOY  STEEL 
CONDITION:  AGED 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6 . 21 . 3 . 3  INDICATING  EFFECT 

OF  ENVIRONMENT 


LOY  STEEL  18NI{300)MAR 


DELTA 

K 

DA/DN  (10-»»-6 

IN.  /CYCLE) 

(KSI*IN*»l/2) 

A 

B 

C 

E=  R.  T. 

E=  R.  T. 

AIR 

DRY  ARGON 

A: 

DELTA  K 

B: 

8.  77 

.  107 

MIN 

C: 

D: 

9.  00 

.  102 

10.  00 

.  148 

13.  00 

.  529 

16.  00 

.  930 

20.  00 

1.  97 

25.  00 

3.  70 

30.  00 

4.  98 

A: 

DELTA  K 

B: 

30.  62 

5.  05 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


O.  00 


19.  14 


CONDITION/HT: 

AGED 

ALLOY 

FORM: 

YIELD  STRENGTH: 

STEEL 

SPECIMEN  TYPE: 

ULT.  STRENGTH: 

ORIENTATION 

SPECIMEN  THK: 

STRESS  RATIO: 

+0.  05 

SPECIMEN  WIDTH: 

1  SN  I 

FREQUENCY: 

20.  00  HZ 

REFERENCES:9183B 

X  wi  ^  X 

<3005  MAF 

AK  (MPA  v/m) 

4  10  40  100 


4  10  40  100 

I  '■r’FTI - 1  '  1  '  I'I'I 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  \/Tn) 


AK  (MPA  Vm) 
4  10  4 

I  I  I '  I'I'I — 

ENVIRONMENT:  R.  ' 
DRY  ARGON 


10'^ 

10 

10''’ 
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io' 

io-« 
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4  10 

I  '  I  '  I  'I'l 
ENVIRONMENT: 


F'iijuro  6.21.3.3 
6.21-') 


4  10  ' 

AK  (KSi  -s/Tn) 
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•D 


TABLt  6.21.3.4 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  W^TH  FIGURE  6. 21.  3. 4  INDICATING  EFFECT 

OF  environment 


MATERIAL:  ALLOY  STEEL  ISNKSOOMAR 

CONDITION:  ANNEALED 


DELTA  K 
(KSI«-IN*-»l/2) 


DA/DN  (10**-6  IN.  /CYCLE) 


A 

E=  R  T. 


AIR 


B 


E=  R.  T. 
DRY  ARGON 


D 


A: 

DELTA  K  Q:  9.  05 

MIN  C: 

D: 

10.  00 
13.  00 
16.  00 
20.  00 
25,  00 
30.  00 
35.  00 
40.  00 

A. 

DELTA  K  B:  44. 46 

MAX  C . 

D: 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0  8 
RATIO  0.  8-1  25 

SUMMARY  1.25-2.0 
<NP/NA)  >2.  0 


101 


.  214 
.  519 

1.  09 

2.  14 

3.  68 

5.  19 

6.  72 
8.  78 


11.  7 


0.  00  10,  47 


6.21-10 


CONDITION/HT:  ANNEALED 
FORM: 

SPECIMEN  TYPE: 
ORIENTATION 
STRESS  RATIO:  +0.  05 
FREQUENCY:  20.  00  HZ 


AK  (MPA  v/m) 

4  10  40  100 

I'M  I'l'l - 1  I  i'MI'l 

ENVIRONMENT:  R-  t.  , 

AIR 


4  10  40  100 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK: 
SPECIMEN  WIDTH. 
REFERENCES:91838 


4  10  40  100 

AK  (KSI  v/7n) 


10“’  1 
•D 


Figure  6.21. 3.4 


G. 21-11 


4  10  -! 

AK  (KSI  v^) 


TABLE  6,21,3.5 


MATERIAL:  ALLDY  STEEL 
CONDITION: 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 21. 3 . 5  INDICATING  EFFECT 

OF  ENVIRONMENT 


LOY  STEEL  ISNIOOO) 


K 

MAX 

DA/DT  ( 10**-3 

IN/HOUR) 

(KSI*IN**l/2) 

A 

B 

C 

E= 

e* 

HYDROGEN 

3.  57.  NACL 

A: 

12.  60 

920. 

K  MAX 

B: 

MIN 

C: 

D; 

13.  00 

2465. 

16.  00 

13691. 

20.  00 

18844. 

A: 

22.  20 

21037. 

K  MAX 

B: 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


8.  44 


O.  00 


6.21-12 


CONDITION/HT: 

FORM: 

SPECIMEN  TYPE: 
ORIENTATION. 
YIELD  STRENGTH: 
ULT.  STRENGTH: 


K  max  (MPA  \/m) 

4  10  40  100 


ENVIRONMENT: 

HYDROGEN 


4  10  40  100 

T  "'  I  I  I'I'I - 1  ''I'lM'l 

ENVIRONMENT: 


SPECIMEN  THK:  0.500" 
SPECIMEN  WIDTH:  1.500" 
CRACK  LENGTH  (Aq)' 

Kiscc: 

REFERENCES:84310.  74719 


4  10  40  100 

^  max  (I^SI  \/~\n) 


K  max  (MPA  \/rn) 
4  10  40 


lO" 

(D 

10^ 

10° 

10' 

10' 

10' 

10° 

10° 

10-' 

10-’ 

10-° 

10-* 

10-° 

10* 

10-* 

® 

10° 

10° 

10° 

10' 

10' 

10° 

10° 

10-' 

ENVIRONMENT: 
3.  53:  NACL 


I  4  10  40 

=  I  '  I '  Mi'i — r"n^ 

-  ENVIRONMENT: 


Figure  6.21.3.5 
6.21-13 


4  10  40 

^  max  (^^^ 


ssss 


TABLE  6.22.3.1 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 22 . 3. 1  INDICATING  EFFECT 

OF  ENVIRONMENT 

MATERIAL:  ALLOY  STEEL  18NI(350) 

CONDITION:  AGED  9HR  800F 


K  MAX 

<KSI*IN**l/2) 


DA/DT  IN/HOUR) 


A 


B 


E= 

3.  57.  NACL 


A 

K  MAX  B 
MIN  C 
D 


A 

K  MAX  B 
MAX  C 
D 


13.  00 

392. 

16.  00 

930. 

20.  00 

1502. 

25.  00 

2053. 

30.  00 

2898. 

32.  00 

3454. 

CONDITION/HT:  AGED  8HR  800F 

FORM:  SPECIMEN  THK:  0.394" 

SPECIMEN  TYPE;  NB  SPECIMEN  WIDTH.  0.394' 

ORIENTATION.  CRACK  LENGTH  (Aq) 

YIELD  STRENGTH:  330.  0  KSI  K,scc: 

ULT.  STRENGTH:  REFERENCES:74719 
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CONDITION/HT: 

FORM:  1.  25"TH  FORGING 

SPECIMEN  TYPE:  WOL 
ORIENTATION-  L-T 
STRESS  RATIO:  ■►B.  B2 
FREQUENCY:  0.  10-  20.  00  HZ 


YIELD  STRENGTH: 239.  0-  246.5  KSI 
ULT.  STRENGTH:  291.  0-  297.  0  KSI 
SPECIMEN  THK:  1.250" 

SPECIMEN  WIDTH:  5.  000" 
REFERENCES:MA005 


ALLOY 

STEEL 


AK  (MPA  >/m) 

4  10  40  100 


(D 


AK  (MPA  v/7n) 

4  10  40  100 

t  I  '  J  'Tl'l - 1  M'l'I'I 

P  ENVmONMENT:  R.  T.  . 

SIM  SEA  WATER 


300M 


I  4  10  40  100 

=  1  '  I '  I'Mi  r  '  I  '  I M'l 

-  ENVIRONMENT: 


-2 


10 


10' 


.-4 


10 


10 


10 


,-7 


10 


10' 


^10' 


1  1  I  I  hill _ I  1  1  ■  l.li 


10’ 


10'^  ^ 
u 
u 


10 


3  E 


10“  1 
■D 


10' 


10 


.-6 


4  10  40  100 

AK  (KSI  \/Tn) 


Figure  6.23.3.1 


TABLE  6.23.3. 


F«TI5UE  CRACK  GROWTH  RATES  AT  DEFIr4ED  LELEL: 
OF  STRESS  INTENSITY  FACTOR 

associated  WITH  FIGURE  6.23.3.2  INDICATING  Ei 

OF  ENVIRONMENT 


ROOT  MEAN  SQUARE 

27.  12 

28.  80 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0  5 
0.  5-0  8 
0.  8-1  25 
1.  25-2  0 

>2,  0 


6.23-16 


CONDITION/HT: 

FORM:  1.  25"TH  FORGING 

SPECIMEN  TYPE:  WOL 
ORIENTATION  T-L 
STRESS  RATIO:  -*-0.  02 
FREQUENCY:  0.  10-  20.  00  HZ 


YIELD  STRENGTH: 240.  0-  246.5  KSI 
ULT.  STRENGTH:  290.  5-  299.  0  KSI 
SPECIMEN  THK:  1.250" 

SPECIMEN  WIDTH:  5.  000" 
REFERENCES:MA005 


AK  (MPA  x/rri) 

4  10  40  100 

I  '  M  MI'I - r  M  '  I'lM 

ENVIRONMENT:  R.  T.  . 

LAB  AIR 


AK  (MPA  Vm) 
4  10  4( 

I  '  j  1 1 '  I  'I — 

ENVIFiONMENT;  R.  T 
SIM  SEA  WATER 


4  10  40  100 


4  10  40  100 

AK  (KSI  v/m) 


4  10 


Fiqurc  6.23.3.2 


4  10  ^ 

AK  (KSI  >/m) 


6.23-17 


TAULfc:  6.23.3.3 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEUELS 
OF  STRESS  U4TENSITY  FACTOR 

data  ASSOCIATED  WITH  FIGURE  6.23. 3. 3  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  ALLOY  STEEL  300M 

CONDITION;  TUS=280-300KS I 
ENVIRONMENT.  R.  T  , LAB  AIR 


DELTA  K 

DA/DN  (iO**-6 

IN.  /CYCLE) 

(K3I*IN**1 /2) 

A 

B 

C 

D 

O 

o 

1 

II 

tr 

R=+0.  02 

R=+0.  50 

A:  12.  40 

.  968 

DELTA  K  B:  12.  11 

.  803 

MIN  C:  8.  73 

.  670 

D: 

9  00 

.  738 

10.  00 

1.  02 

13.  00 

1.  16 

1.  05 

2.  11 

16.  00 

2.  26 

2.  03 

3.  64 

..  -A 

20.  00 

3.  79 

3.  56 

6.  52 

25.  00 

5.  83 

5.  85 

12.  1 

30.  00 

8.  37 

8.  89 

21.  1 

35.  00 

12.  1 

13.  3 

40.  00 

17.  8 

20.  0 

50.  00 

42.  4 

47.  0 

60.  00 

113. 

232. 

A:  64.  78 

187. 

DELTA  K  B:  66.09 

2803 

MAX  C:  31.97 

46.  4 

D 


ROOT  MEAN  SQUARE  10.  81  7  40  4  65 

PERCENT  ERROR 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


O.  0-0.  5 
0.  5-0  8 
0.  8-1.  25 
1,  25-2.  O 
>2.  0 


6.23-18 


v’L-w'Cjj'!'  ^ 


TABLE  6.23.3.4 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.23.3.4  INDICATING  EFFE 

OF  STRESS  RATIO 


MATERIAL:  ALLOY  STEEL  300M 

CONDITION:  UTS=280-300KS I 
ENVIRONMENT:  R.  T  ,  L.  H.  A. 


DELTA  K 

DA/DN  I lO**- 6 

IN.  /CYCLE 

(KSI-«-IN**l/2) 

A 

B 

C 

R=-l.  00 

R=+0  00 

R-=+0.  50 

A:  11.  SI 

.  39 

DELTA  KB:  11.  S5 

.  45 

MIN  C:  6.  00 

.  J7 

D: 

7.  00 

.  272 

a.  00 

.  382 

9.  00 

.  508 

10.  00 

.  657 

1 3.  00 

.  684 

.  664 

1.  32 

16.  00 

1.  67 

1.  42 

2.  65 

20.  00 

3.  18 

2.  96 

6.  97 

25.  00 

5.  47 

5.  73 

25.  1 

30.  00 

9  27 

9.  53 

35.  00 

17.  0 

14  5 

AO.  00 

34.  4 

20.  7 

50.  00 

188. 

38.  0 

60.  00 

63.  8 

70.  00 

102. 

A:  55.  73 

573. 

DELTA  KB:  79.  71 

154. 

MAX  C:  27.  15 

286. 

D: 

ROOT  MEAN  SQUARE 

22.  63 

21.  35 

26.  95 

PERCENT  ERROR 


CONDITION/HT:  UTS-280-300KSI 
FORM;  3.  50"TH  BILLET 
SPECIMEN  TYPE;  CCP 
ORIENTATION;  L-T 
FREQUENCY;  10.  00  HZ 
ENVIRONMENT;  R.  T.  ,  L.  H.  A. 


YIELD  STRENGTH;248.  0-  250.0  KSI 
ULT.  STRENGTH;  295.  5-  298.  0  KSI 
SPECIMEN  THK;  0.  250" 

SPECIMEN  WIDTH;  3.900-  4.000" 

REFERENCESHA007.  MA010 


ALLOY 

STEEL 


300H 


10'^  -sr 


lO’**  1 
n 


z 

•D 

10  ^  ™ 
■D 


TABLl^  6.23.3.5 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FI<?URE  6 . 23 . 3 . 5  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL  300M 

CONDITION:  TUS=280-300KSI 


DELTA  K 

DA/DN  (10-»*-6 

IN.  /CYCLE) 

(KSI-»IN-tt*l/2) 

A 

B 

C 

D 

E=  R.  T. 

E=  R.  T. 

E=-  R.  T. 

E=  R.  T. 

3.  5V.  NACL 

ALT  IMMERSION 

ALT  IMMERSION 

ALT  IMMERSION 

IN  SEA  WATER- 

IN  SEA  WATER- 

IN  SEA  WATER- 

IMMERSED 

1ST  HALF  DRY 

2ND  HALF  DRY 

CYC 

CYC 

A 

16.  55 

.  723 

DELTA  K  B 

11.  30 

.  983 

MIN  C 

11.  22 

.  382 

D 

11.  50 

386 

13.  00 

1.  08 

.  543 

.  524 

16.  00 

1.  51 

1.  01 

.  971 

20.  00 

2.  24 

2.  61 

2.  17 

2.  05 

25.  00 

6.  17 

4.  99 

4.  65 

4.  41 

30.  00 

12.  3 

8.  51 

8.  12 

7.  89 

35.  00 

21.  5 

119 

12.  1 

40.  00 

35.  9 

16.  5 

50.  00 

100. 

A 

55.  70 

186. 

DELTA  K  B 

□2.  23 

10.  4 

MAX  C 

37.  07 

13.  4 

D 

40.  07 

16.  5 

ROOT  MEAN 

SQUARE 

U 

CD 

CO 

a.  55 

18.  05 

19.  59 

PERCENT  ERROR 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  5 
O.  5-0.  8 
0.  8-1.  25 
1.  25-2.  0 
.>2.  0 


6.23-22 


■f 


da/dN  (in/cycle)  ^  da/dN  (in/cycle) 


CONDITION/HT:  TUS-280-300KSI 
FORM;  3.  50"TH  BILLET 
SPECIMEN  TYPE:  CCP 
ORIENTATION  L-T 
'.STRESS  RATIO;  *0.  00 
'vREQUENCY:  10.  00  HZ 


YIELD  STRENGTH:  248.  0-  250.0  KSI 
ULT.  STRENGTH:  295.  5-  298.  0  KSI 
SPECIMEN  THK:  0.250" 

SPECIMEN  WIDTH;  3.900-  4.000" 

REFERENCES:MA007.  MA010 


ALLOY 

STEEL 


300M 


TAaLfc.  6.23.3.6 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.23. 3.6  INDICATING  EFFECT 

OF  ENVIRONHENT 


MATERIAL;  ALLOY  STEEL 
CONDITION:  TUS=2e0-300KSI 


DELTA  K 
<KSHtIN**l/2) 


E=  R.  T. 
3.  5'/.  NACL 


DELTA  K  B 
MIN  C 
D 


DELTA  K  B 
MAX  C 
D 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


9.  07 


DA/DN  (10**-6  IN.  /CYCLE) 


E=  R.  T.  E=  R.  T.  E=  R.  T. 

ALT  IMMERSION  ALT  IMMERSION  ALT  IMMERSION 
IN  SEA  WATER—  IN  SEA  WATER—  IN  SEA  WATER- 
IMMERSED  iST  HALF  DRY  2ND  HALF  DRY 

CYC  CYC 


18.  02 
14.  75 
14.  74 
14.  64 

2.  84 

1.  68 

1.  42 

.  575 

16.  00 

2.  95 

2.  51 

.  955 

20.  00 

4.  20 

8.  04 

7.  06 

2.  61 

25.  00 

7.  61 

12.  8 

11.7 

5.  44 

30.  00 

11.4 

16.  0 

14.  3 

8.  94 

35.  00 

17.  4 

19.  9 

18.  0 

13.  5 

40.  00 

28.  7 

27.  2 

23.  3 

19.  8 

50.  00 

105. 

50.  6 

57.  63 
44.  10 
51.  60 
48.  51 

367. 

38.  1 

59.  3 

38.  8 

36.  OJ 


42.  1  1 


34.  38 


CONDITION/HT:  TUS-280-300KSI 
FORM:  3.50"TH  BILLET 

SPECIMEN  TYPE:  CCP 
ORIENTATION  L-T 
.STRESS  RATIO:  •^0-  00 
’•VREQUENCY:  1.00  H2 


YIELD  STRENGTH:  248.  0-  250.0  KSI 
ULT.  STRENGTH:  295.  5-  298.  0  KSI 
SPECIMEN  THK:  0.250" 

SPECIMEN  WIDTH:  3.900-  4.000" 

REFERENCES:MA007.  MA010 


AK  (MPA  >/m) 

4  10  40  100 


AK  (MPA  v/rn) 

4  10  40  IOC 


T:  R.  t. . 


4  10  40  100 

I  ■'  I  '  I'l'l 

SEA 

H20-1ST  HALF  DRY  CYC 


4  10  40  100 

AK  (KSI  VTn) 


'  ~  ENVIRONMENT.  R.  T.  , 
ALT  IMMEf?SION  SEA 
-2  ~  H20- IMMERSED 


1  4  10  40  ICK 

)  E'l  '  I  '  I'l'l - 1  M'l'l'l 

^-2  ”  H20-2ND  HALF  DRY  CYC 


Figure  6.23. 3.6 


4  10  40  10( 

AK  (KSI  v/Tn) 


6.23-25 


TAOLE  6.23.3.7 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 23. 3. 7  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  ALLOY  STEEL  300M 

CONDITION:  1700F  1.  5HRS  AC.  1600F  1.  5HRS  OQ. 600F 
2+2HRS 

ENVIRONMENT.  R.  T.  .  L.  H.  A. 


DELTA  K 
(KSI*IN*»l/2) 


DA/DN  IN.  /CYCLE) 


R=+0.  08 


R=+0.  30 


R=+0.  50 


DELTA  K  B 
MIN  C 
D 


DELTA  K  B 
MAX  C 
D 


5.  76 

191 

10.  47 

788 

9.  74 

832 

6.  00 

206 

7.  00 

283 

a.  00 

381 

9.  00 

503 

10.  00 

651 

901 

13.  00 

1 

28 

1. 

52 

1. 

84 

16.  00 

2 

22 

2. 

71 

3. 

23 

20.  00 

4 

03 

4. 

88 

6. 

83 

25.  00 

7 

18 

8. 

69 

30.  00 

11 

2 

15. 

3 

30.  13 

11. 

4 

34.  66 

30. 

4 

23.  72 

14. 

6 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


5.  37 


10.  19 


9.  34 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  5 
0.  5-0.  8 
0.  8-1.  25 
1.  25-2.  0 
>2.  0 


6.23-26 


CONDITION/HT;  1700F  1.  5HRS 
FORM:  3.  00"TH  FORGING 

SPECIMEN  TYPE;  CT 
ORIENTATION:  L-T 
FREQUENCY:  6.00  HZ 

-NVIRONMENT;  R.  T.  .  L.  H.  A. 


AC.  1600F  1.  5HRS  OQ,  600F  2+2HRS 
YIELD  STRENGTH:238.  0  KSI 
ULT  STRENGTH:  287.  0  KSI 
SPECIMEN  THK:  1.  000" 
SPECIMEN  WIDTH;  7.  400" 
REFERENCESRI006 


AK  (MPA  -v/^) 


AK  (MPA  y/m) 

4  10  40  100 


Figure  6.2 


6.23-27 


TABLE  6.23.3.9 


FATIGiJE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

data  ASSOCIATED  WITH  FIGURE  6.23. 3.9  INDICATING  EFFE 

OF  ENVIRONMENT 


6.23-30 


CONDITION/HT  1700F  1.  5HRS  AC.  1600F  1.  5HRS  OQ.  600F  2+2HRS 
FORM:  3.  00‘'TH  FORGING  YIELD  STRENGTH:  236.  0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  281.  0  KSI 

ORIENTATION  T-L  SPECIMEN  THK:  1.000” 

STRESS  RATIO:  +0.08  SPECIMEN  WIDTH:  7.  400” 

FREQUENCY:  REFERENCES:RI006 


AK  (MPA  v^) 

4  10  40  100 


AK  (MPA  y/rn) 
4  10  4( 


^V^R^NMENT: 

6HZ* 


4  10  40  100 

I  '  rTT'l - 1  I  I  '  I'I'I 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  y/Tn) 


'  -  ENVIFtONMENT:  R.  T 

S.  T.  W. 

-2  “  IHZ 


10° 

10 

10’ 

10  ^ 

10' 

10'^ 

10 

lO"'' 

10 

10'^ 

io' 

10 

10'° 

10' 

1  4  10  41 

t'  l  '  I '  I'I'I — 

-  ENVIRONMENT: 


I’i'jiirL-  G  .  .M  .  1 . '  ^ 
G..'  j-  n 


4  10  ^ 

AK  (KSI  v^) 


TABLE  6.23.3.10 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

ASSOCIATED  WITH  FIGURE  6. 23. 3.  lOiNDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL  300M 

CONDITION:  i700F  1.  5HRS  AC,  1600F  1.  5HRS  CQ.  600F 
2+2HRS 


DELTA 

K 

DA/DN  (10*-»-6  IN.  /CYCLE) 

(KSI-»IN-(nH/2> 

A 

D  C 

E 

=-  65F 

E=  R.  T.  E=  R.  T. 

L.  H.  A 

L.  H.  A.  5.  T.  W. 

6HZ 

6HZ  IHZ 

A: 

12.  73 

.  751 

DELTA 

K 

D: 

15.  42 

2.  00 

MIN 

C. 

D: 

13.  00 

.  775 

16.  00 

1.  27 

2.  29 

20.  00 

2.  72 

4.  09 

25.  00 

5.  91 

7.  59 

30.  00 

13.  6 

35.  00 

24.  2 

A: 

29.  53 

9.  36 

DELTA 

K 

B: 

36.  05 

27.  3 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


10.  41 


0.  00 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0,  0-0  3 
0.  5-0  8 
O.  8-1  25 
1  25-2  0 
>2.  O 


TABLE  6.23.3.11 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.23. 3.  llINDICATING  EFFECT 

OF  ENVIRONMENT 

MATERIAL:  ALLOY  STEEL  300M 

CONDITION: 


A: 

K  MAX  B: 

MIN  C: 

D: 

200.  00 


A 

K  MAX  B 
MAX  C 
D 


ROOT  MEAN  SQUARE  0.  00 

PERCENT  ERROR 


CONDITION/HT: 

FORM: 

SPECIMEN  TYPE:  TDCB 
ORIENTATION: 

YIELD  STRENGTH: 

ULT.  STRENGTH: 


ENVIRONMENT 
3.  5X  NACL 


SPECIMEN  THK 
SPECIMEN  WIDTH 
CRACK  length  (Ao) 
K  iSCC 

REFERENCES  78313 


K  max  (MPA  \/rn) 

K  m  a  X  (MPA  ) 

4  10  40  100 

ENVIRONMENT 


ALLOY 

STEEL 


300M 


ENVIRONMENT 


(KSI  Vm) 


ENVIRONMENT 


(KSI  \  m) 


TABLE  6.23.3.12 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 23. 3. 12INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL; 

CONDITION 

ALLOY  STEEL  300M 

l^OOF  OQ,  575F  2+2HR 

K  MAX 

DA/DT  <10**-3  IN/HOUR) 

(KSHHN**l/2) 

A  B  C  D 

E=  R.  T. 

DIST.  WATER 

A 

12.  80 

3.  10 

K  MAX  B 

MIN  C 

D 

13.  00 

23.  7 

16  00 

147 

20.  00 

290. 

25.  00 

368. 

30.  00 

399. 

35.  00 

436. 

40.  00 

490. 

50.  00 

632. 

60.  00 

1059. 

70.  00 

1793. 

SO.  00 

3897. 

A 

82.  00 

7300. 

K  MAX  B 

MAX  C 

D 

ROOT  MEAN  SQUARE  34.  18 

PERCENT  ERROR 


6.23-36 


-J-.  JL. 


CONDITION/HT:  1600F  OQ.  575F  2+2HR 

FORM;  0.  1  "TH  SHEET 

SPECIMEN  TYPE:  DCB 

ORIENTATION;T-L 

YIELD  STRENGTH:  245.0  KSI 

ULT  STRENGTH: 


SPECIMEN  THK:  0.100’ 
SPECIMEN  WIDTH: 

CRACK  LENGTH  (Aq) 
Kiscc: 

REFERENCES:85545 


K  max  (MPA  s/rfi) 

4  10  40  100 

I  '  I  '  I'l'l - 1  '  I  I  IM'I 

ENVIRONMENT:  R.  T.  . 

DIST.  WATER 


4  10  40  100 


4  10  40  100 

Kmax  (*<SI  vAH) 


K  max  (MPA  vAn) 
4  10  40 


4  10  40 


Fiqure  6.23. 3.12 


4  10  40 

max  (*^SI  vAn) 


ajNlVdO  Jbuva.n  <iH 
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TABLE  6.28.1.1 

AN  PLAfC  STRAIN  FRACTURE  TCXMHNEB8  DATA  OF 
ALLOY  STEEL  4330V  HOD  AT  ROOH  TEMPERATURE 
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TABLE  6.28.3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  6 . 28 . 3 . 1  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  ALLOY  STEEL  4330V  (MOD) 

CONDITION: 

ENVIRONMENT:  R.  T.  .LAB  AIR 


ROOT  MEAN  SQUARE  14. 16 


PERCENT  ERROR 


CONDITION/HT: 

FORM:  2.  20"TH  BILLET 

SPECIMEN  TYPE:  WOL 
ORIENTATION:  L-T 
FREQUENCY:  1.  00-  30.  00  HZ 

ENVIRONMENT.  R.  T.  .  LAB  AIR 
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AK  (KSl  >/Tn) 


YIELD  STRENGTH:  194.  5  KSI 
ULT.  STRENGTH:  231.  0  KSI 
SPECIMEN  THK:  1.  250" 
SPECIMEN  WIDTH:  5.000" 
REFERENCES:MA011 
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MEAN  PLANE  STRAIN  FRACTURE  TOUflHNESS  DATA 
ALLOY  STEEL  4340  AT  ROOM  TEMPERATURE 
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6.29-7 


COMPOSITION(MT  PERCENT)  O  flOC,  O  BONN.  O  OIOS.  O  2451.1  69NI,0  72CR,  0.  24)10.  O  I9CU 


TAULE  6.29.3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 29. 3. 1  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL  4340 

CONDITION:  MARTEMPERED 


DELTA  K 
(KSI»IN**l/2) 


DA/DN  (10**-6  IN.  /CYCLE) 
ABC 


A 

DELTA  K  B 
MIN  C 


D 


DELTA  K  B 
MAX  C 
D 


E=  R.  T.  E*  R.  T. 


LAB  AIR 

DIST.  WATER 

7. 

13 

209 

a. 

73 

280 

8. 

00 

277 

9. 

00 

373 

321 

10. 

00 

492 

495 

13. 

00 

1. 

00 

1. 

14 

16. 

00 

1. 

75 

1. 

91 

20. 

00 

3. 

12 

3 

21 

25. 

00 

5. 

33 

5. 

49 

30. 

00 

8. 

04 

8. 

51 

35. 

00 

11. 

2 

12. 

2 

40. 

00 

14. 

7 

16. 

3 

50. 

00 

23. 

0 

25. 

7 

60. 

00 

33. 

3 

37. 

4 

70. 

00 

46. 

2 

53. 

0 

80. 

00 

62. 

7 

74. 

5 

90. 

00 

83. 

9 

105. 

100. 

00 

111. 

148. 

130. 

00 

258. 

428. 

160. 

00 

603. 

1287. 

188. 

45 

1360. 

189. 

12 

3830. 

ROOT  MEAN  SQUARE  21.  77  20.  96 

PERCENT  ERROR 


LIFE  0.  0-0.  3 

PREDICTION  0.  5-0  S 

RATIO  0.8-1  25 

SUMMARY  1.25-2  0 

(NP/NA)  >2  0 


6.29-8 


CONDITION/HT:  MARTEMPERED 
FORM:  0.  50  "TH  PLATE 

SPECIMEN  TYPE:  CCP 
ORIENTATION  L-T 
STRESS  RATIO:  -^0.  02 
FREQUENCY: 


AK  (MPA  -v/fn) 

4  10  40  100 


R.  t. ; 


4  10  40  100 

I  '  I  '  I'I'I - 1  'TT'I'I 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  >/Tn) 


YIELD  STRENGTH:  191.  0-  201.  5  KSI 
ULT.  STRENGTH:  196.  0-  209.  0  KSI 
SPECIMEN  THK;  0.  246-  0.  251  " 

SPECIMEN  WIDTH: 

REFERENCES:MA012 


AK  (MPA  v/m) 
4  10  4 


ALLOY 

STEEL 

10° 

(D 

io" 

10’ 

io" 

io" 

10^ 

io" 

io" 

10'^ 

10® 

io" 

io" 

10'° 

10" 

10° 

® 

io" 

10’ 

io" 

io" 

io" 

io" 

10® 

10'^ 

io" 

10® 

io" 

10‘® 

io" 

ENVIFIoNM^T:  R.  1 
DIST.  WATER 


4  10  40 

I  '  I '  I'I'I  I  ' 

ENVIRONMENT: 


Figure  6.29.3.1 
6.29-9 


4  10  4 

AK  (KSI  \/Tn) 


4340 


Z 

.  -o 

10’^  « 
•D 


10"  i 


10'^  « 


TABLE  6.29.3.2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.29.3.2  INDICATING  EFFECT 

OF  STRESS  RATIO 

4340 


MATERIAL:  ALLOY  STEEL 
CONDITION;  UTS  =  160  KSI 
ENVIRONMENT:  R.  T.  .LAB  AIR 


DELTA  K 
(KSI*IN**l/2) 


DELTA  K  B 
MIN  C 
D 


DELTA  K  B 
MAX  C 
D 


3.  99 


4.  00 

5.  00 

5.  53 


A 

R=+0.  50 
.  0454 


0460 

0930 


.  123 


DA/DN  (10**-6  IN.  /CYCLE) 
B  C 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


3.  21 


LIFE 

0.  0-0.  5 

PREDICTION 

0.  5-0.  8 

RATIO 

0.  8-1.  25 

Hi 

SUMMARY 

1.  25-2.  0 

P*! 

<NP/NA) 

>2.  0 

CONDITION/HT:  UTS  -  160  KSI 
FORM;  4.  25  "TH  ROUND  BAR 
SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY:  7.00  H2 

ENVIRONMENT;  R.  T.  .  LAB  AIR 


YIELD  STRENGTH:  158.  5  KSI 
ULT.  STRENGTH:  168.  1  KSI 
SPECIMEN  THK:  0.250" 
SPECIMEN  WIDTH:  2.  000" 
REFERENCESDA001 


AK  (MPA  -v/m) 

4  10  40  100 


AK  (MPA  v/m) 
4  10  4 


4  10  40  100 


4  10  4 


4  10  40  100 

AK  (KSI  v/Tn) 


4  10  4 

AK  (KSI  v/m) 


Figure  6.29.3,2 
6.29-11 


TABLE  6.29.3.3 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.29. 3. 3  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL: 

ALLOY  STEEl.  4340 

CONDITION 

UTS  =  160  K.SI 

ENVIRONMENT:  R.  T. 

.LAB  AIR 

DELTA  K 

DA/DN  <10*»-6  IN.  /CYCLE) 

(KSI*IN**l/2) 

A  B  C  D 

R=+0.  10  R=+0.  50 

A 

12.  63 

.  780 

DELTA  K  B 

6.  83 

.  229 

MIN  C 

D 

7.  00 

.  244 

a.  00 

.  344 

9.  00 

.  466 

10.  00 

.  611 

13.  00 

.847  1.20 

16.  00 

1.  44  2.  05 

20.  00 

2.  47  3.  60 

25.  00 

4.  72  6.  27 

30.  00 

9.  78 

35.  00 

14.  1 

40.  00 

19.  3 

A 

26.  50 

5.  79 

DELTA  K  B 

47.  14 

27.  9 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

5.  24  6  09 

PERCENT 

ERROR 

LIFE  O.  0-0.  5 

PREDICTION  0.  5-0  8 

RATIO  0.8-1.25  1  1 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


CONDITION/HT:  UTS  -  160  KSI 
FORM.  4.  25’’TH  ROUND  BAR 
SPECIMEN  TYPE:  CT 
ORIENTATION;  L-T 
FREQUENCY:  7.  00  HZ 

ENVIRONMENT;  R.  T. ,  LAB  AIR 


YIELD  STRENGTH:  158.  5  KSI 
ULT.  STRENGTH:  160.  1  KSI 
SPECIMEN  THK:  0.500'' 
SPECIMEN  WIDTH:  2.  000" 
REFERENCESDA001 


ALLOY 

STEEL 


4340 


AK  (MPA  v/m) 

4  10  40  100 


4  10  40  100 

T""'T’T'T'I - 1  '  I  '  I'I'I 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  v/in) 


10° 

<D 

10' 

10’’ 

io" 

10’ 

io" 

io' 

10' 

lO"* 

10'* 

10’^ 

10'' 

10’° 

10' 

AK  (MPA  v/m) 

4  10  40 

I  '  I  '  I'I'I - 1  MM 

STRESS  RATIO  =  +0.  50 


10° 

10  ‘ 

10’’ 

10’^ 

10’ 

io" 

io' 

10’^ 

10' 

10’® 

io‘ 

10’" 

10-« 

10’’ 

4  10  40 

I  '  I  'I'I'I — r-n^ 

STRESS  RATIO  = 


Figure  6.29.3.3 
6.29-13 


4  10  40 

AK  (KSI  -v/m) 


10"  i 


10'^  TO 


io"  ^ 


z 

.  "D 

10’  TO 
•D 


.  *.  ••  . 


TABLF.  6.29.3.4 


FATIQUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

O.ATA  ASSOCIATED  WITH  FIGURE  6.29.3.4  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL;  ALLOY  STEEL  4340 

CONDITION;  UTS  =  180  KSI 
ENVIRONMENT;  R.  T.  ,  LAB  AIR 


DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI«IN**l/2) 

ABC 

R=+0.  10 

A;  5.  69 

.  0439 

DELTA  K  B: 

MIN  C; 

D; 

6.  00 

.  0586 

7.  00 

.  125 

a.  00 

.  223 

9.  00 

.  351 

10.  00 

.  507 

13.  00 

1.  10 

16.  00 

1.  83 

20.  00 

2.  96 

25.  00 

4.  64 

30.  00 

6.  72 

35.  00 

9.  36 

40.  00 

12.  a 

50.  00 

23.  2 

60.  00 

41.  4 

A.  64.  66  : 

54.  0 

DELTA  KB; 

6.29-14 


CONDITION/HT:  UTS  -  180  KSI 
FORM:  4.  25"TH  ROUND  BAR 

SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY:  20.  00-  30.  00  HZ 

ENVIRONMENT:  R.  T.  .  LAB  AIR 


AK  (MPA  \/m) 

4  10  40  100 

I'M  I'I'I - 1  '  I  'MIT" 

STRESS  RATIO  =  +0.  10 


4  •  10  40  100 


YIELD  STRENGTH:  192.  9  KSI 
ULT  STRENGTH:  204.  1  KSI 
SPECIMEN  THK:  0.  251-  0.  501 " 

SPECIMEN  WIDTH:  1.975-  1.978' 

REFERENCES:DA001 


AK  (MPA  Vm) 


4  10 


4  10 


4  10  40  100 

AK  (KSI  >/Tn) 


10'“  ro 


10'^  ^ 


Figure  6.29.3.4 


4  10  ^ 

AK  (KSI  v/Tn) 


6.29-1': 


TABLE  6.29.3.5 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 29 . 3 . 5  INDICATING  EFFECT 

OF  STRESS  RATIO 

4340 


MATERIAL:  ALLOY  STEEL 
CONDITION:  UTS  =  ISO  KSI 


ENVIRONMENT:  R.  T. 

.LAB  AIR 

DELTA  K 

(KSI»IN»*l/2) 

A 

R==+0.  50 

A;  6.  47 

.  198 

DELTA 

K 

B: 

MIN 

C: 

D: 

7.  00 

.  247 

a.  00 

.  356 

9.  00 

.  486 

10.  00 

.  637 

13.  00 

1.  20 

16.  00 

1.  92 

A:  17.  26 

2.  26 

DELTA 

K 

B: 

MAX 

C: 

DA/DN  IN.  /CYCLE) 

B  C 


D 


ROOT  MEAN  SQUARE  5. 19 

PERCENT  ERROR 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0  5 
O.  5-0.  a 
0.  8-1.  25 
1.  25-2.  0 
:'  2.  0 


1 


I 

I 

I 

I 


CONDITION/HT:  UTS  -  180  KSI 
FORM;  4.  25"TH  ROUND  BAR 
SPECIMEN  TYPE:  CT 
ORIENTATION;  L-T 
FREQUENCY:  7.  00  HZ 

i\ y  I  r>/-\iL  ifc  j  r"  MT.  o  ^  i  AO  aTD 


V.ElU  STRENGTH:  192.  9  KSI 
ULT  STRENGTH:  204.  1  KSI 
SPECIMEN  THK;  0.  500" 
SPECIMEN  WIDTH:  1.970" 


ALLOY 

STEEL 


MATERIAL:  ALLOY  STEEL 
CONDITION;  UTS  =  ISO  ^SI 
ENVIRONMENT:  +  650F,  AIR 


DATA  ASSOCIATED  WITH  FIGURE  6.29. 3.6  INDICATING  EFFECT 

OF  STRESS  RATIO 


LOY  STEEL  4340 


CONDITION/HT:  UTS  -  180  KSI 
FORM;  4.  25"TH  ROUND  BAR 
SPECIMEN  TYPE:  CT 
ORIENTATION;  L-T 
FREQUENCY:  20.  00  HZ 

ENVIRONMENT:  +  650®  F,  AIR 


AK  (MPA  v/m) 

4  10  40  100 


4  10  40  100 

I  “'■"n  I'I'I  I  '  I  '  I  'I'l 
STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  \/Tn) 


YIELD  STRENGTH:  192.  9  KSI 
L'LT.  STRENGTH:  204.  1  KSI 
SF  ?IMEN  THK:  0.  250" 
SPECIMEN  WIDTH:  2.  000" 
REFERENCESOA001 


AK  (MPA  v/m) 

4  10  40 


10° 

VK/ 

10’ 

10' 

10'^ 

10' 

10-^ 

io' 

10“' 

10' 

10'® 

10* 

10-° 

10“ 

lO'* 

STRESS  RATIO  =  +0.  50 


10° 

VS' 

10-’ 

10'' 

10'^ 

10' 

10'^ 

10"' 

10'^ 

10"' 

lO'® 

10'* 

10-° 

10*’ 

10'' 

4  10  40 

I  '“P I'I'I — r-n~^ 

STRESS  RATIO  = 


Figure  6.29.3.6 
6.29-19 


4  10  40 

AK  (KSI  v/Tn) 


ALLOY 

STEEL 


4340 


TABLE  6.29.3.7 


fatigue  crack  growth  rates  at  defined  levels 

OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.29.3.7  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL;  ALLOY  STEEL  4340 

CONDITION:  UTS  =  180  KSI 
ENVIRONMENT;  +  650F.  AIR 


ROOT  MEAN  SQUARE  11.96 

PERCENT  ERROR 


6.29-20 


CONDITION/HT;  UTS  -  180  KSI 
FORM:  4.  25"TH  ROUND  BAR 

SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY:  7.00  HZ 

ENVIRONMENT:  -►  650"  F,  AIR 


YIELD  STRENGTH:  192.  9  KSI 
ULT.  STRENGTH:  204.  1  KSI 
SPECIMEN  THK:  0.500" 
SPECIMEN  WIDTH:  2.  000" 
REFERENCESDA001 


AK  (MPA  -v/m) 

4  10  40  100 


AK  (KSI  >/m) 


(D 


AK  (MPA  -s/m) 

4  10  40 

fr  ■  T'lTnii — 


10' 


10 


,-3 


10 


10‘ 


10 


.-6 


10*' 


STRESS  RATIO  = 


1  1  1  1  I  ill 


,i  1  i  1 1 


10  40 


b  I  '  I  M'I'I - !"■'  I  '  I'l 


10 


.-2 


10 


,-3 


10 


10' 


10 


.-6 


10 


10 


STRESS  RATIO  = 


1  ■  I  ■  ■■l-l  I  '  I  ■  I' 


4  10  40 

AK  (KSI  V^) 


Figure  6.29. 3.7 


TABLE  6.29.3.8 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 29. 3. 8  INDICATING  EFFECT 

OF  ENVIRONMENT 

MATERIAL;  ALLOY  STEEL  4340 

CONDITION;  UTS  =  ISO  KSI 


DELTA  K 
(KSI*IN«*l/2) 


A 

E=  R.  T. 
LAB  AIR 


DA/DN  (10**-6  IN.  /CYCLE) 
B  C 

E=+  650F 

AIR 


A;  4.  08 
DELTA  KB;  5.72 
MIN  C; 

D; 

5.  00 
A.  00 
7.  00 

a.  00 

9.  00 
10.  00 
13.  00 
16.  00 
20.  00 

A;  6.  20 
DELTA  K  B;  22.85 
MAX  C; 

D; 


.  0528 

.  282 


.  0924 

.  178  . 317 

.  454 
.  606 
.  773 
.  960 
1.  68 
2.  78 
5.  28 

.  224 

8.  29 


ROOT  MEAN  SQUARE  11.27  4.65 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 

RATIO  0.8-1.25  1  1 

SUMMARY  1.25-2.0 
<NP/NA)  >2.0 


6.29-22 


CONDITION/HT:  UTS  -  180  KSI 
FORM:  4.  25"TH  ROUND  BAR 

SPECIMEN  TYPE:  CT 
ORIENTATION  L-T 
STRESS  RATIO:  -^0.  50 
FREQUENCY:  7.  00  HZ 


YIELD  STRENGTH:  192.  9  KSI 
ULT.  STRENGTH:  204.  1  KSI 
SPECIMEN  THK:  0.250-  0.375" 

SPECIMEN  WIDTH:  1.  500-  2.  000" 

REFERENCES;DA001 


AK  (MPA  >/m) 

4  10  40  100 


4  10  40  100 

I'  '  I  '  IM'I - 1  I  I  '  I'I'l 

ENVIRONMENT; 


4  10  40  100 

AK  (KSI  \/Tn) 


10° 

vs/ 

10 

10’ 

10' 

10'^ 

io" 

10'^ 

10' 

lO"* 

10** 

10'^ 

10* 

10'® 

10* 

10° 

® 

10*‘ 

10’ 

10* 

10'^ 

.4 

10 

10'^ 

10* 

lO"'’ 

-c 

10 

10'® 

10*' 

10'® 

10*' 

AK  (MPA  Vm) 

4  10  40 

I  '  I '  im — 
ENVIFtONMENT:  +  650 
AIR 


4  10  40 

T"'  I '  p'l'i — r"n^ 

ENVIRONMENT; 


Figure  6.29.3.8 
6.29-23 


4  10  40 

AK  (KSI  >/Tn) 


TABLK  6.29.3.9 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.29. 3.9  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  ALLOY  STEEL 
CONDITION:  UTS=1S0-200KSI 
ENVIRONMENT:  R.  T.  .  H.  H.  A 


DELTA  K 
(KSI*IN-»*l/2) 


A 

R=+0.  00 


DA/DN  (10*»-6  IN.  /CYCLE) 


R=+0.  50 


DELTA  K  B: 
MIN  C: 
D: 


18.  90 

2. 

60 

22.  90 

4. 

62 

20.  00 

a. 

68 

25.  00 

3. 

87 

5. 

83 

30.  00 

6. 

12 

9. 

11 

35.  00 

8. 

98 

13. 

4 

40.  00 

11. 

6 

19. 

7 

50.  00 

45. 

1 

60.  00 

115. 

44.  30 

12. 

8 

66.  10 

214. 

ROOT  MEAN  SQUARE 

9.  44 

11.  17 

PERCENT  ERROR 

PREDICTION  O.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.  25-2.  O 
(NP/NA)  >2.0 


6.29-24 


CONDITION/HT:  UTS-180-200KSI 
FORM;  1.00-TH  PLATE 
SPECIMEN  TYPE:  CCP 
ORIENTATION: 

FREQUENCY:  10.  00  HZ 

ENVIRONMENT:  R.  T.  .  H.  H.  A. 


YIELD  STRENGTH: 

ULT  STRENGTH: 

SPECIMEN  THK:  0.  1B3‘‘ 
SPECIMEN  WIDTH:  5.000" 
h£FERENCES:BW002 


AK  (MPA  v/m) 

4  10  40  100 


4  10  40  100 

I  '  I  '  I'I'I - 1  '  I  '  I'I'I 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  y/m) 


AK  (MPA  Vm) 

4  10  40 

I'M  I'I'I — r ■■■■'■  r'T 

STRESS  RATIO  =  +0.  50 


10° 

10' 

10’ 

10' 

10'^ 

10"' 

10'^ 

10' 

10'“ 

10 

10® 

10' 

10° 

io‘ 

4  10  40 

I'M  I'I'I — 

STRESS  RATIO  = 


Figure  6. 2').  3. ') 


4  10  40 

AK  (KSI  -s/m) 


TABLE  6.29.3.10 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 29. 3. 10 INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL;  ALLOY  STEEL  4340 

CONDITION:  TUS=180-200KSI 
ENVIRONMENI:  R.  T.  .  H.  H.  A. 


DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI*IN**l/2) 

ABC 

R=+0.  05  R=+0.  50 

A.  17.  32 

1.  97 

DELTA  K  B:  9.  47 

.  647 

MIN  C: 

D. 

10.  00 

.  714 

13.  00 

1.  29 

16.  00 

2.  21 

20.  00 

2.  94  3.  78 

25.  00 

5.  01 

30.  00 

7.  27 

35.  00 

9.  66 

40.  00 

12.  2 

50.  00 

17.  a 

60.  00 

24.  4 

70.  00 

32.  5 

80.  00 

42.  7 

90.  00 

55.  5 

A:  93.  91 

61.  5 

DELTA  KB:  24.  31 

5.  43 

MAX  C: 

D; 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


11.  52 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


O.  0-0.  5 
O.  5-0.  8 
0.  8-1.  25 
1.  25-2.  0 
>2  0 


6.29-26 


■  -V  .'V  1.%  .-w 


CONDITION/HT:  TUS-180-200KSI 
FORM:  1.  00"TH  BAR 

SPECIMEN  TYPE;  CCP 
ORIENTATION:  L-T 
FREOUENCY:  3.  00  HZ 

ENVIRONMENT:  R.  T.  ,  H.  H.  A. 


YIELD  STRENGTH:  182.  5  KSI 
ULT.  STRENGTH:  193.  7  KSI 
SPECIMEN  THK;  0.400" 
SPECIMEN  WIDTH:  4.000" 
REFERENCES;BW001 


AK  (MPA  -v/m) 

4  10  40  100 


4  10  40  100 


4  10  40  100 

AK  (KSI  -s/m) 


AK  (MPA  y/m) 

4  10  40 

I  'I'll'l’l - 1  MM 

STRESS  RATIO  =  •*•0.  50 


4  10  40 


Fiquro  6.29.3.10 


4  10  40 

AK  (KSI  -N/m) 


6.29-27 


TABLE  6.29.3.11 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 29. 3 .  llINDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  ALLOY  STEEL 
CONDITION;  450F  TEMPER 


4340 


LIFE  0.  0-0  3 

PREDICTION  0.  5-0  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA)  >2.0 


CONDITION/HT:  450F  TEMPER 
FORM: 

SPECIMEN  TYPE: 

ORIENTATION 
STRESS  RATIO: 

FREQUENCY:  0.  40  HZ 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK: 
SPECIMEN  WIDTH: 
REFERENCES:89311 


AK  (MPA  v/m) 

4  10  40 


A  10 

"r^T’  I'n — 

ENVIRONMENT: 


40  100 


4  10  40  100 

AK  (KSI  >/m) 


10° 

vs/ 

10 

10’ 

10' 

10'^ 

10  ‘ 

10'^ 

10' 

10'“ 

10  ‘ 

10'^ 

10'' 

10'° 

10‘ 

10° 

® 

10  ‘ 

10’ 

10' 

10'^ 

-t 

10 

10'^ 

10 

10’^ 

10* 

10'® 

lo’ 

10'° 

10* 

AK  (MPA  Vm) 
4  10  A 

I  ijiiM'i — 
ENVIFIONMENT:  R.  ' 
ARGON 


4  10  ^ 

■  I  '  I  '  I'I'I - [~r- 

ENVIRONMENT: 


4  10  c 

AK  (KSI  v/Tn) 


Figure  6.2').  3 . 11 


TABLE  6.29.3.12 


TIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

SSGCIATED  WITH  FIGURE  6. 29.  3. 12INDTCATING  EFFECT 

OF  STRESS  RATIO 


6.29-30 


TABLt  6.29.3.13 


MATERIAL;  ALLOY  STEEL  4340 

CONDITION:  750F  TEMPER 
ENVIRONMENT:  +  32F, DIST.  WATER 


ATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

ASSOCIATED  WITH  FIGURE  6.29. 3. 13INDICATINQ  EFFECT 

OF  FREQUENCY 


DELTA 

K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(K.SI*IN# 

*1/2) 

A 

B 

C 

F(HZ)=  0.04 

F(HZ)=  0.  40 

A: 

15.  03 

37.  3 

DELTA  K 

B: 

15.  64 

17.  7 

MIN 

C: 

D: 

16.  00 

61.  0 

19.  5 

20.  00 

217. 

38.  8 

25.  00 

426. 

54.  4 

30.  00 

546. 

61.  7 

35.  00 

596. 

66.  1 

40.  00 

623. 

71.  1 

50.  00 

708. 

90.  8 

A: 

52.  38 

745. 

DELTA  K 

B; 

52.  38 

98.  6 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  b-0.  S 
RATIO  O.  8-1.  25 

SUMMARY  1.  25-2.  0 
(NP/NA)  >2.0 


18.  78 


6.29-32 


V-  .s 


6.29-33 


table:  6.29.3.14 


FATIQUE  CRACK  GROWTH  RATES  AT  DEFIh4ED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 29. 3 . 14  INDICATING  EFFECT 


OF  FREQUENCY 


MATERIAL; 

ALLOY  STEEL  4340 

CONDITION 

750F  TEMPER 

ENVIRONMENT:  R.  T. 

.DIST.  WATER 

DELTA  K 

DA/DN 

(10-tt-«-6  IN.  /CYCLE) 

(KSI»IN-inH/2) 

A 

B 

C 

D 

F(HZ)=  0.04 

F(H2)  = 

0.20  F(HZ)=  0.40 

A 

12.  35 

374. 

DELTA 

K 

B 

12.  41 

89, 

0 

MIN 

c 

12.  64 

55.  2 

D 

13.  00 

383. 

90. 

6  55.  5 

16.  00 

416. 

97. 

8  58.  3 

20.  00 

452. 

106. 

65.  0 

25.  00 

489. 

116. 

74.  a 

30.  00 

522. 

126. 

86.  1 

35.  00 

555. 

136. 

98.  7 

40.  00 

587. 

147, 

113. 

50.  00 

172. 

144. 

60.  00 

201. 

A 

47.  13 

633. 

DELTA 

K 

B 

64.  55 

216 

MAX 

C 

52.  32 

151. 

D 

ROOT  MEAN  SQUARE 

1.  76 

2.  33 

1.  41 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  D 
0.  5-0.  8 
0.  8-1.  25 
1.  25-2.  0 
>2.  O 


6.29-34 


CONDITION/HT  750F  TEMPER 
FORM: 

SPECIMEN  TYPE 
ORIENTATION: 

STRESS  RATIO: 

ENVIRONMENT  R.  T.  .  OIST.  WATER 


YIELD  strength 
ULT  STRENGTH: 
SPECIMEN  THK 
SPECIMEN  width 
REFERENCES  89311 


AK  (MPA  v/m) 

4  10  40  100 


AK  (MPA  V  I 
4  10  4 


FREQUENCY  (Hz)  ^  0,  04 


FREQUENCY  (Hzl 


10  — 


Z  5 

5  10 
(C 


—  lO'" 

10  " 


1  4  10  40  100 

=  I  '  I  '  I'l'l - I'M  I  M'l  ' 

~  FREQUENCY  (Hz)  =  0.  40 


o  lo" 


4  10  40  100 

AK  (KSI  >An) 


10  ° 

10-’ 

10 

10'^ 

10' 

10'^ 

10 

lO’'* 

10’ 

10'^ 

io' 

10-® 

10' 

1  4  10 

EH  '■  M  I '  Ml  T 

“  FREQUENCY  (Hz) 


Figure  6.29.3.14 
6.29-35 


4  10  ^ 

AK  (KSI 


1  mi  l  1  111  1  1  111  j  iiiil  luiLm  nil  i  ml  i  uiLij^iiLLj 


TABLE  6.29.3.15 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 29. 3. 15INDICATING  EFFECT 

OF  FREQUENCY 


MATERIAL:  ALLOY  STEEL  4340 

CONDITION:  750F  TEMPER 

ENVIRONMENT  +  212F, DIST.  WATER 

DELTA  K 

DA/DN  (lOif-B-6  IN.  /CYCLE) 

(KSI-»IN*-iH/2) 

A 

B  C 

D 

F<HZ  )=  0.  04 

F(H2)=  0.  40 

A:  iO.  86 

1604 

DELTA  KB:  10.  49 

323 

MIN  C: 

D: 

13.  00 

2025. 

337 

16.  00 

2608. 

499. 

20.  00 

4019 

935 

25.  00 

1912. 

A:  20.  01 

4025. 

DELTA  KB.  27.  12 

2241. 

MAX  C: 

D: 

ROOT  MEAN  SQUARE 

4  95 

13.  38 

PERCENT  ERROR 


LIFE  0.  0-0  5 

PREDICTION  O  5-0  8 
RATIO  O  8-1  25 

SUMMARY  1  25-2  0 
(NP/NA)  :  2  O 


CONDITION/HT:  750F  TEMPER 
FORM: 

SPECIMEN  TYPE: 

ORIENTATION: 

STRESS  RATIO: 


YIELD  STRENGTH: 
ULT  STRENGTH: 
SPECIMEN  THK: 
SPECIMEN  WIDTH: 


ENVIRONMENT:  -*•  212"  F,  DIST.  WATER  REFERENCES:8g31 1 


AK  (MPA  -x/m) 

4  10  40  100 

'  I  'FI - 1  '  !  '  I'T'I 

FREQUENCY  (Hz)  =  0.  04 


AK  (MPA  -x/m) 
4  10  4 


4  10  40  100 

■  I  ■  '  I  '  I'm - 1  '  I  '  I'I'I 

FREQUENCY  (Hz)  = 


4  10  40  100 

AK  (KSI  >/Tn) 


10° 

(D 

10 

10  ’ 

10'^ 

10' 

10" 

10’^ 

10“ 

10' 

10'^ 

io' 

10 

10° 

io" 

4  10 

I  ''|i|i|'l - T" 

FREQUENCY  (Hz)  = 


Figure  6.29.3.15 
6.29-37 


4  10  ^ 

AK  (KSI  -x/m) 


V 


TABLE  6.20.3.16 

SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOC  IATED  WITH  FIGURE  6.20. 3. 16INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL 
CONDITION: 


4340 


TABLE  6.29.3.17 


SUSTAINED  CRACK  OROUTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE6. 29. 3. 17  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  ALLOY  STEEL 
CONDITION: 


K 

MAX 

DA/DT  (10**-3 

IN/HOUR) 

(KSI*IN**l/2) 

A 

B 

C 

E= 

E= 

3.  57.  NACL, 
BUFFERED 

3.  57.  NACL 

A; 

20.  80 

441. 

K  MAX 

B; 

11.  00 

107. 

MIN 

C: 

D; 

13.  00 

342. 

16.  00 

690. 

20.  00 

832. 

25.  00 

722. 

829. 

30.  00 

764. 

952. 

35.  00 

1105. 

1410. 

40.  00 

2989. 

2717. 

A: 

41.  50 

4613. 

K  MAX 

B; 

42.  00 

3782. 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


iS.  79 


43.  66 


6.29-40 


CONDITION/HT: 

FORM:  12.  0"TH  FORGING 
SPECIMEN  TYPE:  SENT 
ORIENTATION. 

YIELD  STRENGTH:  220.  0  KSI 
ULT  STRENGTH: 


SPECIMEN  THK:  0.  502" 
SPECIMEN  WIDTH:  3.  000" 
CRACK  LENGTH  (An). 

Kiscc;  10.00  KSI  (SQRT  IN) 

REFERENCES:81814 


ALLOY 

STEEL 

4340 


K  max  (MPA  v^) 

4  10  40  100 

T  'TI'I'I - 1  r”|i|i|rr- 

ENVIRONMENT 
3.  5X  NACL,  BUFFERED 


4  10  40  100 

I  '  f '  I'i'i — r  '“T'  I'lT  ■ 

ENVIRONMENT: 


4  10  40  100 

^  max  (KSI  v/Tn) 


10* 

10= 

10= 

10= 

10’ 

10’ 

10“ 

10“ 

10-’ 

10-’ 

10-= 

10-= 

10-= 

10* 

10-* 

® 

10= 

10= 

10= 

10’ 

10’ 

10“ 

10“ 

10-’ 

10-’ 

10-= 

10-= 

10  = 

ip-* 

.qure 

6.29.3. 

6, 

.29-41 

K  max  (MPA  v^) 
4  10  40 

I  '  I '  Mi'i — r"n^ 

ENVIRONMENT. 

3.  5X  NACL 


1  4  10  40 

^■|  'T'  I'I'I  I'M 

-  ENVIRONMENT. 


HR 


4  10  40 

Kmax  (KSI  \/Tn) 


10=  _ 


10'  I 


10“  ^ 


10=  _ 


10'  E 
E 


10“  5 


TABLE  6.29.3.18 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6 . 29.  3 .  ISlNDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL  4340 

CONDITION:  TEMPER  400F  IHR 


K  MAX 

DA/DT  (10**- 

3  IN/HOUR) 

(KSI*IN**l/2) 

A 

B 

C 

D 

E= 

E= 

E= 

E= 

DRY  ARGON-CNT 

DIST.  WATER-CNT 

SEAWATER - 

DRY  HYDROGEN 

CANT 

CNT 

A:  70.  00 

.  836 

K  MAX  B:  24.  00 

224. 

MIN  C:  18.80 

403. 

D:  24.  00 

1579. 

20.  00 

421. 

25.  00 

266. 

860. 

2166. 

30.  00 

521. 

1630. 

5801.  J 

35.  00 

817. 

2480. 

8872. 

40.  00 

1114. 

3517. 

10742. 

50.  00 

1610. 

7298. 

13608. 

60.  00 

1923. 

70.  00 

.  836 

2073. 

80.  00 

1.  17 

2106. 

90.  00 

5.  73 

A:  95.  30 

25.  2 

K  MAX  B :  88.  00 

2079. 

MAX  C:  60.00 

18700. 

D:  53.  00 

14919. 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


36.  34 


11.  28 


6.29-42 


CONDITION/HT:  TEMPER  400F  IHR 
FORM:  0.  2"TH  PLATE 

SPECIMEN  TYPE: 

ORIENTATION 

YIELD  STRENGTH:  195.0-  225.0  KSI 

ULT  STRENGTH 


K  max  (MPA  \/7n) 

4  10  40  100 


ENVIRONMENT: 

DRY  ARGON-CNT 


4  10  40  100 


SPECIMEN  THK:  0.  250" 
SPECIMEN  WIDTH:  2.000" 
CRACK  LENGTH  (Aq)- 
Kiscc 

REFERENCES:84309,  70887 


^  max  (MPA  Vm) 
4  10  40 

I  '  I '  I'i'i — r~n^ 
ENVIRONMENT; 

DIST.  WATER-CNT 


4  10  40 


ALLOY 

STEEL 


10^  _ 


10-  I 


10“  5 


10^  „ 


10’  I 


10“  5 


4  10  40 

^  max  (^Sl  ■\/Tn) 


Figure  6.29.3.18 


4  10  40 

^max  (^Sl  \/Tn) 


6.29-43 


TABLE  6.29.3.19 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 29. 3. 19INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL  4340 

CONDITION:  TEMPER  400F  IHR 


K  MAX 

DA/DT  (10**- 

-3  IN/HOUR) 

(KSI*IN*«l/2) 

A 

B 

C 

D 

E= 

E= 

E= 

E= 

DIST.  WATER; 

DIST.  WATER; 

DIST.  WATER; 

DIST.  WATER; 

50F 

75F 

127F 

167F 

A:  51.00 

256. 

K  MAX  B:  14.  50 

83.  0 

MIN  C:  26.00 

2215. 

D;  22.  50 

5804. 

16.  00 

112. 

20.  00 

218. 

25.  00 

412. 

8072. 

30.  00 

663. 

3694. 

11332. 

35.  00 

947. 

5200. 

12816. 

40.  00 

1236. 

6117. 

13293. 

50.  00 

1737. 

6730. 

13718. 

60.  00 

893. 

2040. 

6825. 

15332. 

70.  00 

1384. 

2125. 

7099. 

80.  00 

1383. 

2033. 

A:  81.  00 

1367. 

K  MAX  B:  84.  00 

1962. 

MAX  C:  80.  00 

7842. 

D:  64.  00 

16594. 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


10.  41 


9.  95 


10.  87 


10.  02 


6.29-44 


CONDITION/HT:  TEMPER  400F  IHR 
FORM:  0.  2"TH  PLATE 

SPECIMEN  TYPE:  CNT 
ORIENTATION: 

YIELD  STRENGTH:  195.0  KSI 

ULT  STRENGTH: 


SPECIMEN  THK:  0.  250" 
SPECIMEN  WIDTH:  2.  000' 
CRACK  LENGTH  (Aq) 

Kiscc: 

REFERENCES.8430g 


K  max  (MPA  \/rn) 

4  10  40  100 


K  max  (MPA  \/m) 
4  10  40 


ENVIRONMENT: 

DIST.  WATER,  50F 


4  10  40  100 


i: 


_jfc4ap 

r 


environment: 

DIST.  WATER,  75F 


■ 


4  10  40 


1. 


4  10  40  100 

^  max  (^Sl  v/Tn) 


Fiqurc  f>.20.3.10 


4  10  40 

^  max  (^Sl  v/Tn) 


6. 2')-45 


TABLE  &.z'J.3.20 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 29. 3. 20INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  ALLOY  STEEL 
CONDITION:  TEMPERED  400F 


K 

MAX 

DA/DT  ( 1 O** 

-3  IN/HOUR) 

<KSI*IN**l/2) 

A 

B 

C 

D 

E= 

E= 

E= 

E= 

DIST.  WATER 

DIST.  WATER 

DIST.  WATER 

DIST.  WATER 

KI=19KSI 

KI=24K5I 

K I =3 IKS I 

K.I=41K.SI 

SQRT< IN) 

3QRT< IN) 

SORT ( IN) 

SQRT( IN) 

A:  20.  00 

83.  8 

K  MAX 

B:  26.  00 

300. 

MIN 

C:  33.  SO 

579. 

D: 

25.  00 

603. 

30.  00 

900. 

787. 

35.  00 

1383. 

756. 

40  00 

1744. 

1533. 

50.  00 

2341. 

60.  00 

2553. 

A:  33.  30 

1206. 

K  MAX 

B:  50.  00 

2136. 

MAX 

C:  67.  50 

2932. 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


CONDITION/HT:  TEMPERED  400F 
FORM; 

SPECIMEN  TYPE: 

ORIENTATION. 

YIELD  STRENGTH: 

ULT.  STRENGTH: 


K  max  (MPA  \/m) 

4  10  40  100 

I  '  1  '  1 '  PI - !  '  I  '  MPT 

ENVIRONMENT: 

DIST.  WATER 

KI  =  19KSI-SQRT  CIN5 


SPECIMEN  THK: 

SPECIMEN  WIDTH: 

CRACK  LENGTH  (Aq): 

Kiscc: 

REFERENCES  84313.  84310 


ALLOY 

STEEL 


K  max  (MPA  \/nn) 

4  10  40  100 

I  '  I  M'I'I - 1  'TTIT 

ENVIRONMENT: 

DIST.  WATER 
KI=24KSI-SaRT  CIN> 


10^  _ 


4  10  40  100 


KI=31KSI-SaRT  CIN? 


10’  I 


10“  ^ 


4  10  40  100 

I  '  I  M'I'I — I 

K I =4 IKS I -SORT  CIN) 


10'  _ 


10’  I 


4  10  40  100 

(KSI  >/m) 


Figure  6.29.3.20 


4  10  40  100 

^ max  (^Sl  \/l^) 


6.29--47 


TABLE  6.29.3.21 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 29. 3.  21INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL;  ALLOY  STEEL  4340 

CONDITION;  TYS=200-240KSI 


•  1 


MA- 


¥^' 


^\-- 
c  ••' 

f? 

fc^v: 


CONDITION/HT:  TYS=2B0-240KSI 
FORM:  1. 5"TH  EXTRUSION 

SPECIMEN  TYPE:  NB 
0RIENTATI0N:L-S 

■■.  ■  .  YIELD  STRENGTH:  202.0-  240.0  KSI 
ULT  STRENGTH: 


SPECIMEN  THK:  0.480" 
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CRACK  LENGTH  (Aq) 

Kiscc:  14.00  KSICSQRT  IN) 
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TABLE  6.32.3.1 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6.  32.  3. l  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  ALLOY  STEEL  4340 (EFM) 

CONDITION:  1550F  .  5HR. 400F  4HR 


K  MAX 

(KSI*IN**l/2) 


DA/DT  <10**-6  IN/HOUR) 
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C 


D 


E= 

O.  OS'/.  SODIUM 
D I CHROMATE 
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K  MAX  B 
MIN  C 
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K  MAX  B 
MAX  C 
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19.  00 

340000. 

20,  00 

356822. 

25.  00 

457075. 

30.  00 

572661. 

35,  00 

690962. 

40.  00 

801767. 

50,  00 

972434. 

60,  00 

1053339. 

65.  00 

1060000. 

ROOT  MEAN  SQUARE  9.  39 

PERCENT  ERROR 


CONDITION/HT  1550F  .  5HR.  400F  4HR 

FORM:  0.  5"TH  PLATE 

SPECIMEN  TYPE:  T3CB 
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YIELD  STRENGTH  240.0  KSI 
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TABLE  6.33.3.1 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  6. 33 . 3 .  L  INDICATING  EFFECT 

OF  YIELD  STRENGTH 


MATERIAL:  ALLOY  STEEL  4340V 

CONDITION. 

ENVIRONMENT. 


CONDITION/HT 

FORM  4'‘TH  EXTRUSION 

SPECIMEN  TYPE:  CANT 
ORIENTATION: 

ENVIRONMENT: 

ULT  STRENGTH: 


SPECIMEN  THK:  0.394“ 

SPECIMEN  WIDTH:  0.394” 

CRACK  LENGTH  (Aq); 

Kiscc:  lOT.O  83.0,  45,0  RSI (SORT  IN) 

REFERENCES:76972 
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TABLE  6.36 


RFFERENCES  FOR  ALLOY  STEEL  DATA 


18N1  (300)MAR 

Christian,  J.  L. ,  Yang,  C.  T. ,  and  Wiczell,  W.  E. ,  "Physical 
and  Mechanical  Properties  of  Pressure  Vessel  Materials  for  Application 
in  a  Cryogenic  Environment",  ASD-TDR-62-258,  Part  III,  General 
Dynamics/Astronautics  (December  196A) . 

D6AC  *^Iscc 

18N1(300)MAR  Kiscc 
4140  Kiscc 

4340  Kiscc 

Mulherln,  J.  H.,  and  Hess,  E.  H. ,  "Stress-Corrosion  Susceptibility 
of  Ultrahlgh  Strength  Steel  Evaluated  in  Terms  of  Fracture  Toughness", 
Technical  Report  R-1782,  Frankford  Arsenal,  Philadelphia,  PA, 

(November  1965). 


12.Nl-5Cr-3Mo  Kiscc 
18N1  (180)MAR  Kiscc 
18Ni  (250)MAR  Kjscc 

Rolfe,  S.  T. ,  et  al.,  "Stress-Corrosion  Testing  of  Ultraservice 
Steels  Using  Fatigue  Cracked  Specimens",  Paper  No.  90,  Presented 
at  the  69th  Annual  Meeting  of  the  American  Society  for  Testing  and 
Materials  in  Atlantic  City,  NJ,  June  27-July  I,  1966. 

18N1(200)MAR  Kigcc 

Sandoa,  G.,  and  Neubegln,  R.  L. ,  "Stress-Corrosion  Cracking 
Resistance  of  an  18Nt  200  Grade  Maraging  Steel  Base  Plate  and  Weld", 
NRL  Report  1772,  Naval  Research  Laboratory,  Washington,  D.C. , 

(March  1967) . 


12Nl-5Cr-3Mo  K^scc 

18N1  (200)MAR  Kigcc 

18N1  (250)MAR  da/dt 

4340  da/dt,  ^Iscc 

Paterson,  M.  H.,  Broun,  B.  F. ,  Newbegin,  R.  L. ,  and  Groover,  R.  E. , 
"Stress  Corrosion  Cracking  of  High  Strength  Steels  and  Titanium 
Alloys  in  Chloride  Solutions  at  Ambient  Temperature",  Corrosion,  23 
(5),  142-148  (May  1967).  ~ 


D6AC 

HP9-4-.45 

HU 

18N1  (250)MAR 
4340 


*^Iscc 

Kiscc 

Kiscc 

Kiscc 

Kiscc 


Benjamin,  W.  0.,  and  Stelgervald,  E.  A.,  "Environmentally  Induced 
Delayed  Failures  in  Martensltlc-Hlgh-Strength  Steels",  Second 
Yearly  Summary  Report,  AFML-TR-68-80,  TRW,  Inc.,  Cleveland,  OH, 
Contract  Ar33(615)-365l(P)  (/.prll  1968). 


300M  (AM)  Kj 
300M  (VAR)  Kij. 
4340  (AM)  Kic 
4340  (DH)  Kic 


Hauser,  J.  J.,  et  al.,  "Inclusions  in  High-Strength  Steels,  Their 
Dependence  on  Processing  Variables  and  Their  Effect  on  Engineering 
Properties",  Report  AFML-TR -66-222,  Crucible  Steel  Corporation, 
Pittsburgh,  PA,  (August  1968). 


TABLE  6.36  (Cont) 


18Ni  l250)MAR  Kj^, 

Srawiey,  J.  E.,  "Plane  Strain  Fracture  Touijhness  Tests  on  Two- 
Inch-Thick  Maraging  Steel  Plates  at  Various  Strength  Levels", 

"ASA  TN  K-52470,  Lewis  Research  Center,  Cleveland,  OH,  (1968). 

HY-I50 

Smith,  J.  H.,  and  Rolfe,  S.  T.,  "Effect  of  Composition  on  the 
l^lscc  Experimental  HY-150  Steels",  Technical  Report  No. 

39.018-016(10),  United  States  Steel  Corporation,  Applied  Research 
Laboratory,  Monroeville,  PA,  Contract  NObs-94535  (FBM)  (December  20,  1968 

18Ni  (250)MAR  Kig^c 

Novak,  S.  R. ,  and  Rolfe,  S.  T.,  "Comparison  of  Fracture-Mechanics 
and  Normal-Stress  Analyses  In  Stress-Corrosion  Testing",  Report 
No.  39.018-026(3),  United  States  Steel  Corporation,  Applied  Research 
Laboratory,  Monroeville,  PA,  Contract  N0b8-94535  (FBM) 

(December  20,  1968). 


300M  Kf. 

Pendelberry,  S.  L. ,  Slmenz,  R.  F.,  and  Walker,  E.  K. ,  "Fracture 
toughness  a^  Crack  Propagation  of  300  M  Steel",  FAA  Technical 
Report  No.  DS-68-18  (August  1968). 

HP  9-4-, 20  Kiacc 
l2Nl-5Cr-3Mo  Kigcc 
18N1  (250)MAR  Kjg,.,. 

Sinclair,  G,  M,,  and  Rolfe,  S.  T. ,  "Analytical  Procedure  for 
Relating  Subcrltlcal  Crack  Growth  to  Inspection  Requirements", 
University  of  Illinois,  Urbana,  Ill.,  and  United  States  Steel 
Corporation,  Applied  Research  Laboratory,  Monroeville,  PA,  Paper 
presented  at  the  Metals  Engineering  Conference  of  ASME,  Washington, 
b.C, ,  on  March  31  to  April  2,  1969. 


HP  9-4-. 30 
300M 


Kiscc 

^scc 


Carter,  C.  S.,  "Crack  Extension  in  Several  High-Strength  Steels 
Loaded  in  3.5Z  Sodium  Chloride  Solution",  Research  Report  D6-19770, 
The  Boeing  Coispany,  Renton,  Wash.,  ARPA  Contract  N000i4-66-C-O365 
(November  1967) . 


300M  Kiscc 
4340  Kiscc I  da/dt 

4340 (MOD)  Kigcg 

Carter,  C.  S.,  "The  Effect  of  Silicon  on  the  Stress  Corrosion 
Resistance  of  Low-Alloy,  High-Strength  Steels",  Research  Report 
D6-23872,  The  Boeing  Company,  Renton,  Wash.,  ARPA  Contract  N00014- 
66-C-0365  (March  1965). 


18N1  (300)MAR  da/dt 
18N1  (350)MAR  da/dt 

Carter,  C.  S.,  "Stress  Corrosion  Crack  Branching  in  High-Strength 
Steels",  Research  Report  D6-23781,  The  Boeing  Company,  Renton, 
Wash.,  ARPA  Contract  H00014-66-C-0365  (March  1965). 


TABLE  6.36 


(Cent) 


•50:5 


75111 


75677 


76411 


76972 


77716 


78065 


78305 


78313 


Procter,  P.  ?.  M..  and  Paxton,  V.,  "The  Pffect  of  Prior  Austenite 
Train  Size  on  the  Stress  Corrosion  Crackin?  Susceotibility  of 
A.I.S.I.  .>340  Steel",  Research  Project,  Carr.e^ie-Mellon  Cniversity, 
Pittsburgh,  ?A  Ct  iary  1969). 

HU  da'dt 


'•’el,  R,  P.,  and  Landes,  J.  D.  ,  "Correlation  Setween  Sustaiired-Load 
and  Fatigue  Crack  Growth  on  High-Strength  Steels",  Materials 
Research  and  Standards,  9  (7),  25-28  (July  1969). 

18N1  (350)  MAR  Kisec 

Carter,  C.  S,,  "The  Effect  of  Heat  Treatment  on  the  Fracture 
toughness  and  Subcritical  Crack  Growth  Characteristics  of  a 
350-Grade  Maraglng  Steel",  Report  06-22978,  The  Boeing  Company, 
Renton,  Wash,,  Contract  S00014-66-C0365  (June  1969). 


HP  9-4-. 25  (VAR) 

18N1  (200)  MAR 

Wessel,  £.  t.,  et  al. ,  "Engineering  Methods  for  the  Design  and 
Selection  of  Materials  Against  Fracture",  "Inal  Technical  Report, 
'Westlnghouse  Research  Laboratories,  Pittsburgh,  FA,  Contract 
DA-30-069-AMC-602  (T)  (June  24,  1966). 

4340V  dafSS 

Colangelo,  V.  J.,  and  Ferguson,  M.  S.,  "The  Role  of  the  Strain 
Hardening  Exponent  in  Stress  Corrosion  Cracking  of  a  High  Strength 
Steel",  Corrosion,  25  (12)  509-514  (December  1969). 

18Ni(300)MAR  Kijgj 

Stavros,  A.  J. ,  and  Paxton,  H.  W. ,  "Stress-Corrosion  Cracking 
Behavior  of  an  18X  Hi  Maraglng  Steel",  Homer  Research  Laboratories, 
Bethlehem  Steel  Corporation,  Bethlehem,  PA,  and  Carnegie-flelJon 
'university,  Pittsburgh,  PA,  ARPA  Contract  Nonr-760(31  )  (April  1970). 


18Ni  (250)MAR  Ki,cc 

Novak,  S.  R. ,  and  Roife,  S.  T.,  "Comparison  of  Fracture  Mechanics 
and  Nominal  Stress  Analysis  in  Stress  Corrosion  Cracking",  Corrosion. 
^(4)  121-l30(April  1970). 


300M  Kic  K 
300M(VM)  Kic 


isce 


Webster,  D.,  "Effect  of  Grain  Refinement  on  the  Mlcrostructure 
and  Mechanical  Properties  of  4340M",  Summary  Report  D6-25220, 
The  Boeing  Company,  Seattle,  'Wash.,  ARPA  Contract  N00014-66-C- 
0365  (April  1970). 


ISNi  (250)HAR  da/dt 
300M  da/dt 


Hyatt,  M.  V.,  "Use  of  Precracked  Specimens  in  Stress-Corrosion 
Testing  of  High-Strength  Alominum  Alloys",  Summary  Report  06-24466, 
The  Boeing  Company,  Renton,  'Wash,,  ARPA  Contract  N00014-66-C-0365 
(November  1969) . 


6.36-3 
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78425 


78761 


804  23 


80667 


80824 


81004 


82164 
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18Ni  (300)  HAR  Kiscc.  da/dN 


Career,  C.  S. ,  "Evaluacion  of  a  High-Puricy  18Ni  (300) 

Maraging  Sceel  Forging",  Report  AFM1.-TR-70-1  39  ,  The  Boeing  Company, 
Renton,  Wash.,  Contract  F33615-69-C-1620  (June  1970). 


18Ni  (300)  MAR 
4340 


*^Iscc 

*^Iscc 


Carter,  C.  S.,  "Effect  of  Prestressing  on  the  Stress-Corrosion 
Resistance  of  Two  High-Strength  Steels",  Report  D6-25275,  The 
Boeing  Company,  Seattle,  Wash.,  Contract  N00014-66-C-0365  (May  1970). 


4340 


'■isce 


4340  (MOD) 


Sandoz,  G.,  "The  Effects  of  Alloying  Elements  on  the  Susceptibility 
to  Stress-Corrosion  Cracking  of  Martensitic  Steels  in  Salt  Hater", 
ASM  Metallurgical  Tranaacclona,  2  (4)  1055-1063  (April  1971). 


HP  9-4-. 20 

18N1  (200)  MAR  (fiacc 


Raymond,  L. ,  and  (Jaell,  R.  J. ,  Jr.,  "The  Effect  of  N2O4  and  UDMH 
on  Subcrltlcal  Crack  Growth  in  Various  High-Toughness  Low-Strength 
Steels",  Report  No.  SAMSO-TR-71-106,  TR-0059 (6250-10) -8,  The 
Aerospace  Corporation,  El  Segundo,  CA,  Contract  F04701-70-C-0059 
(June  15,  1971). 


18N1  (200)  MAR 
18N1  (250)  MAR 


^Iscc 


'“Iscc 


Syrett,  B.  C. ,  "Stress  Corrosion  Cracking  in  182  N1  (250)  Maraging 
Steel",  Corrosion,  27  (7),  270-280  (Juiy  1971). 


18N1  (180)  MAR  K13 


18N1  (200)  MAR  K 


Isce 


Kenyon,  N.,  Kirk,  W,  W. ,  and  Van  Rooyen,  D.,  "Corrosion  of  18N1 
180  and  18Ni  200  Maraging  Steels  in  Chloride  Environments",  Corrosion, 
27  (9),  390-400  (September  1971). 


81814  4340  Kiscc* 


Gallagher,  J.  P.,  "Corrosion  Fatigue  Crack  Growth  Rate  Behavior 
Above  and  Below  Kijcc  Steels",  Journal  of  Materials,  6  (4) 
941-964  (December  1971). 


18Ni  (280)  MAR  Kigcc 


Floreen,  S.,  Hayden,  H.  U. ,  and  Kanyon,  N.,  "Stress  Corrosion 
Cracking  Behavior  of  Maraging  Steel  Composites",  Corrosion,  ^Z. 
(12),  519-524  (December  1971). 


82543  D6AC  Kic,  da/dN 


Feddersen,  C.  E.,  et  al.,  "Crack  Behavior  in  D6AC  Steel",  Report 
MCIC-72-04,  Metals  and  Ceramics  Information  Center,  Battelle 
Columbus  Laboratories,  Columbus,  OH  (January  1972) . 


6.36-4 


•-« 


TABLE  6.36  (Cont) 


S3611  .JiO  >£FM)  Ja/Jt 

Dull,  0.  L.,  and  Ravmond,  L..  "Stress  Historv  Effect  jn  Incubation 
Time  for  Stress  Corrosion  Crack  Growth  in  E— •S'.O  HR  Steel",  Air 
Force  Report  No.  SAMSO-TR-H-idR ,  Aerospace  Report  No.  TR-0172 
(2250-10)-7.  rhe  Aerospace  Corporation,  El  Segundo,  CA,  Contract 
No.  F04701-71-C-0172  (June  15.  1972). 

83613  HP  9-4-.  20 

12.Nl-5Cr-3Mo 
18N1  (180)MAR 
18N1  (200)MAR  K 
18N1  (250)MAR  Kjjcc 

Sandoz,  G.,  "The  Resistance  of  Some  High  Strength  Steels  to  Slow 
Crack  Growth  In  Salt  Water",  NRi.  Memorandum  Report  2434,  Naval 
Research  Laboratory,  Washington,  D.C.  (February  1972). 

83834  18N1  (200)  MAR  Kjc 

18N1  (250)  MAR  Kjc 

Fisher,  D.  M. ,  and  Repko,  A.  J.,  "Plane  Strain  Fracture  Toughness 
Testa  on  2.4  and  3 . 9-Iach-Thlck  Maraglng  Steel  Specimens  at  Various 
Yield  Strength  Levels",  Journal  of  Materials,  T_  (2)  167-174  (June  1972). 

84029  D6AC  Kic 

HP  9-4-. 30  Kic 
300M  Kjc 

4330V  (MOD)  Kic 
4340  Kjg 

Garland,  K.,  "Fracture  Toughness  of  Several  High  Strength  Steels", 

Report  313-965,  McDonnell  Aircraft  Company,  McDonnell  Douglas 
Corporation,  St.  Louis,  MO,  (June  7,  1971). 

84277  d6AC 

4330V  (MOD)  Ki(. 

4340  Kic 

Mailer,  R.,  "The  Effect  of  Heat  Treatment  Variations  on  the 
Fracture  Toughness  of  D6AC  Steel",  Report  No.  M6P/MWE-1-TR-72-2, 

Grumman  Aerospace  Company,  gethpage,  NY  (March  13,  1972). 

84278  300M  (VM)  Ki^ 

Mailer,  R.,  "The  Effect  of  Heat  Treatment  Variations  on  the 
Fracture  Toughness  of  300  M  Steel",  Report  No.  M&P/MWE-1-TR-72-5, 

Grumman  Aerospace  Company,  Bethpage,  NY  (April  13,  1972). 

84280  300K  Kxc 

4340  (DH)  Kij. 

Gunderson,  A.  W. ,  and  Harmavorth,  C.  L.,  "MAAE  Engineering  and 
Design  Data,  Material  300  M",  Test  Memo  No.  MAAE  70-5,  Air  Force 
Materials  Laboratory,  Wright-Pat  ter son  AFB,  Ohio  (September  24,  1970). 

84290  4340  K^gj.^ 

Smith,  H.  R.,  Piper,  D.  E.,  and  Downey,  F.  K. ,  "A  Study  of  Stress- 
Corrosion  Cracking  by  Wedge  Force  Loading",  Engineering  Fracture 
Mechanics,  p  123-128  (1968),  Pergamon  Press. 


TABLE  6.36  (Cent) 


3i306  dP  ^  — -.20  Kji- 
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Contract  No.  AFSC  F33657-73-A-0062.  Report  No,  MDC  A2883, 

February  1975. 

MA012  4340  da/dN 
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